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ABSTBACT

Magnetic bubble amemory technology offers several desir-
able characteristics for applications in space as a mass
data recording and storage systea.

A modular combination of Intel Corp. state-of-the-art
four-megabit magnetic bubble memory coaponents is presented
which can be configured as a digital data recorder of vari-
able capacity and input rate.

A description of magnetic bubble memory technology and
operation is included in an appendix.
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I. INTBODOCTION

A. HAGNETIC BUBBLE BENORIES AND SPACE APPLICATIONS

[Bef. 1] states that the desired characteristics for
space-based memory systems are non-volatility, versatility,
reliability and ruggedness, and cost effectiveness.
[Ref. 2] is more specific in stressing the importarce of
radiation hardness and constraints on physical size, weight,
and power consumption of all space-based systems.

Many of the references surveyed for this paper describe
benefits offered by magnetic bubble memory systems for
applications in space. Most of these benefits are attribu-
table to the physical properties of magnetic Dbublkle
memories.

The cost for placing a specific payload into sgace is
derived from both the weight and the volume of the systea.
Magnetic bubble memories are light-weight, compact, solid-
state digital data storage systems configureable in many
ways to fit different requirements in size and weight, as
well as rerformance.

Space is a barsb environment for which the solid-state
nature of magnetic bukble memory is well suited. Some memo-
ries, such as analog tape recording systems and disksdrum
units, have moving prarts which may need lubricants, an
atmosphere, and a ccntrolled environment for proper ofera-
tion. Solid-state magnetic bubble memories have no moving
parts, are operable in the vacuum of space, and over a wide
range of temperatures. The relatively rugged solid-state
construction also allows easier deéign in wvithstanding the
shocks and vibrations experienced by space systeas during
launch and maneuvers.

13
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% Ambient radiation and its effect on stored digital
} information is another problem still under investigation
' [Ref. 3]. While its associated support components are crdi-

nary solid-state elements routinely used in space today, the
data-storing magnetic bubble memory chip is surrounded by
-, permanent magnets, field-producing coils, and a shield to
isolate these strong magnetic fields fros neafby systems.
This configuration makes magnetic bubble memory chips natu-

«

rx rally harder to radiation effects than ordinary solid state
N

ff:- memory components.

(2 kemory system - 10K 100K ‘:l 10M
:{‘L: Capld ty (bytes) P

“ 64K~100K 256K~18 . >IN

L Chip capacit

memory and

A program Mini-f{le File

:f remory memory memory

) Bubble memory Micro

products processor ég

i

"

A
.t .
N Competitive  EP.ROM Floppy

) memories disk -

-

MT

" cassette Drum ::::
)

o Figure 1.1 Hemory Technology Comparison.

~

."..:-.

f;-‘;. Power consumption is another major concern of space
l.-." * s

’ system engineers. A magnetic bubble memory consumes fower
only vhen data is being transferred or when the systea is
o being prepared for transfers. No power is required to main-
¢ tain data within a magnetic bubble memory systeam, unlike -
e
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systers using other sclid-state storage technologies suchk as
charged couple devices or random access memories. This

characteristic is esfecially attractive for space systeas
which stcre recorded data for later transamission to a ground
station [Ref. 8] or for systems which nust be capable of
retaining alterable instructions indefinitely for later
implementation at a deep-space destination [Ref. 5].

TABLE 1
Bullle Memory Comparison

ADVANTAGES DISADVANTACES
Higher reliability Bubble memory Stored data not
Non-mechanical vs Floppy disk readily changed
Smalier size

Faster access
Simpler interface
Media integnty

Non-volatile Bubble memory Slower access
More bits per device vs RAM Slower transfer rate
Reduced board space

Programmability Bubble memory Sltower access

More bits per device vs ROM or PROM  Slower transfer rate
Less board space

Magnetic bubble nmemory systems have inherently slow
access times due to the physical arrangement of the 3Jata
storage architecture. This limits their usefulness in high-
speed data storage ard retrieval, such as required in a
main-frame type computing systen. Hovever, magnetic bubble
memory systems provide an excellent wmeans for mass data

15
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recording and storage. The modular characteristics of
present magnetic bubble memory designs permit custom config-
uraticn to meet virtually any recording need in terms of
data input rates and memory capacities by vacied comtina-

tions of discrete memcry umnits.

10 T T T T TT T
|, CORE |
-~ ‘ - :
=g Mos | BUBBLE £\xe0-HEAD
« i | DISK/DRUM ]
a I
7 -2 -
=T | |
3] [ i
& 1073} ! [ -
S : | MOVING HEAD
10-1}- l——— ACCESS GAP—f D'SK -]
: . me)/
10-% ] L . 1 (11 L
10-3 10-2 10°' 1+ 10" 102 100 10* 10 108
ACCESS TIME (MICROSECONDS) _

Figure 1.2 Cost per Bit vs. Access Time.

Figure 1.1 illustrates the memory capacities associated
with different types of memory uses and indicates the
competitive memory systems within each type. The figure
suggests that, due to the modularity of this type of system,
magnetic bubble memories could be configured for use in all
these types of memory applications.

Table 1 lists bulble memory advantages and disadvantages
when compared with scme competitive memory systeams.

The following figures compare magnetic bulkble memory
technology with cther memory technologies using access time

16
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as a common denominator. Figure 1.2 [Ref. 6] indicates
magnetic bubble memcry comparative cost and figure 1.3
[Ref. 7] conpares the expected performance of magnetic
tubble umemories with cther memory systemé. In both compari-
sons it is seen that magnetic tubble memories fill a gaf, in
terms of these perfcrmance measures, vwhen compared to all
technologies in general use. However, not all these technol-
ojJies are as suitable for space-based applications and none

cffer as many benefits for such use as does magnetic bubble
memorye.
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s II. A BAGEETIC BUBBLE MEBORY SISTEM
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2 3%

}ﬁ- In 1979 Intel Corporation of Santa Clara, Ca. intrcduced
i a digital data storage and retrieval system based on
s magnetic rubble technology [Ref. 8]. The system was cafpable
j; of storing up to one-megabit of digital informaticm in a
:*3 single rukble memory chip with the aid of a family of compo-

Lo .
L3R S
"

N nents performing support and interface functions.
i Imnprovements, mainly in production techniques, allowed an
increase in storage capacity within the same storage area
L [Ref. 9] and resulted in the recent release of a newv family
- of magnetic bubble nemory components with a single bublle
e memory chip capable of storing up to four-megabits of
digital information. This is the maximum single-chip

;ii storage capability available in this technology today.

;ﬂg The advantage cffered by the 1Intel magnetic bubble

— memory chip family is the ease with which a magnetic bubble .
:?3 memory system can te implemented. The elements of the

e systea can be combined to form modular components which may

;ﬁl be configured in many ways to provide different capabilities )
-; in terms of data rate and storage capacity.

SH0N Early designs reguired the user to be concerned with

%ﬁ overseeing proper oreration of the aagnetic bublle systen

f&g internal functions as well as control of data flow into and

{ié out of the memory [Ref. 10]. Intel components feature a

o dedicated bubble memory controller to perform these internal

-;ﬁ functions independently and serve as a simple interface

hfﬁ retveen the memory and the extermal systen.

, This chapter introduces the Intel components which can

'w24 be used to design a magnetic bubble memory systen. The

;32 first section describes the individual components which make

Eg up a magnetic bubble memory "module™ capable of storing

2 18
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four-megabits of digital information. The second section

e e e i o v i
Pl A SO ’

describes the contrcller chip which coordinates memory

. access functions within a module. Configurations associ-
Tj: ating multiple memory "modules™ with a single bubble memory
" contrcller are discussed in the third section. A four-
‘i ' megabyte configuration, incorporating eight memory modules

and one bubble memory controller on a single board, is
,i described in the fourth section. This represents the ltasic
o element used in the proposed design of a digital data
-; recorder for space-tased applications presented in Chapter
) 4. The last section describes the capability for parallel
controller operations which enhances even further the
: possible performance of the magnetic bubble memory system.
{ Appendix A presents an explanation of the basic opera-
L tion cf a magnetic fubble memory. It is assumed that the
reader is familiar with this information and only a func-
tional description c¢f the role each component perforas in
magnetic bubble memory system operation is presented in this
. chapter. Appendix B contains a more detailed description of
the available Intel magnetic bubble memory components.
Readers SHouId'“hempartigularly awvare that this chapter
and the following prorosed designs incorporate the expected
capabilities of the 7225 bubble memory controller and 7245

»5 formatter/sense amplifier chips not yet available as produc-
> tion ccmponents. This is explained more fully in the intro-
b duction to Appendix E.

? A. THE FOUR-AEGABIT BAGNETIC BUBBLE MENORY HODULE

f Figure 2.1 depicts the Intel Corp. components used to
; construct a magnetic tubble memory system capable of storing
- four-megabits of digital information.

Qf The components listed below the 7225 BMC combine to fora
f; . a memory "module" which represents the basic block of

19
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storage capacity on which designs of systems with higher
- capacities and capabilities are based. The module contains
a single tubble memory chip and support components wvhich
pust accompany each memory chip for proper operation.
since the bubble memory controller may be associated
with multiple memory modules, description of this conmponent
is provided separately in the next section.
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1. 1Ihe 7114 Magnetic Bubble Memory Chip

—t  pe— -

The 7114 magnetic bubble memory (MBM) chifp contains
the substrate in which wmagnetic bubbles are storeg, the
rermalloy structures which determine bubble location, the
permanent magnets which ensure bubble stability, and the
perpendicular coils which control bultble movement. The
entire assembly is ernclosed in a case designed to protect

internal and external components from stray magnetic fields
( Figure 2.2 ).

SHIELD

~

PERMANENT
MAGNET T

~

CoiL

~coi

BUBBLE
SUBSTRATE

Pigure 2.2 7118 Magnetic Bubble Hemory Chip Asseably.
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a. Data Organization

The major-track/minor-loop data storage archi-
tecture of the 7114 MEM consists of 512 storage "loops™ with
8192 discrete 1locaticns per locop providing a maximum user
storage capability of 4,194,304 bits (four-megabits) of
digital information. This architecture requires transfer of
data in "pages"™ of 512 bits (64 bytes) of information each
input/output operation, corresponding to one bit of informa-
tion fer storage loop. Each chip can store up to 8192 gdata
Fages.

. Bootloop and Error Correction Codes

Twenty-eight additional loops are used to store
twenty-eight bits of error correcting code appended to each
data rage input to the memory for storage. Error correcting
capabilities are discussed in Chapter 3.

Two more loops contain the bootloop information
specific for each bulble memory chip. These loops contain a
digital representaticn of the operating 1loops within the
chip and a synchronization code which identifies the refer-
ence pagde from which all other stored pages are located.
This information is used by the support components to format
the data correctly for input and output operations and to
keep track of data flow and placement within the memory.

Figure 2.3 depicts the signals associated with
the 7114 NMBM. These signals are provided by or to the
support chips under guidance of the bubble memory contrcller
to perform the functicns necessary for proper memory opera-
tion as described im Appendix A, namely: establishment of a
rotating magnetic field for bubble movement within the
memory, signals to generate data bubbles from seed butbles
for input, swap and replicate signals for bubble movement
into and out of the storage loops, and detection of voltage

22




o o e e ettt i e e bl el e A
b
b

\ 7114

REPLICATE

7234 800TLcaP BUBSLE 7245
GENERATE :

!
CPG A / ETECTION / FSA

—/1  MBM 4

PERPENDICULAR

FIELD COILS

7250 / 7264
cpp/ DT

Figure 2.3 7114 Magnetic Bubble Memory Chip Signals.

signals from the detector circuits for data output from the
. memory.
The follcwing subsections describe the support
corponents that perform most of these functions and which
must accompany each asemory chip for proper operation.

2. The 7250 Coil Pre=Driver Chip and 7264 Coil Drive
Iransistors

Figure 2.4 depicts the 7250 coil pre-driver (CPD)
chip and the tvwo sets of four matched 7264 coil drive tran-
sistors (CDTs) used to produce current signals sent to the
two perpendicular ccils surrounding the substrate material
within the 7114 MBM.

The 7250 CPD and 7264 CDTs produce triangular
current waveforms which are applied in gquadrature to the
perpendicular coils tased on timing signals from the bubble

menory ccntroller. This establishes a rotating magnetic

Wttt M s 2 LA
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Figure 2.4 7250 CPD and 7264 CDT Signals.

field aktout the substrate which induces movement of stored
magnetic bubbles within the 7114 MBM chip.

3. Ihe 7234 current Pulse Generator Chip

Figure 2.5 shows the signals associated with the
7234 current pulse generator (CPG) chip. Based on signals
from koth the bubble memory controller and the formatter/
sense aaplifier chirg, the 7234 CPG sends current rulse
signals tc the 7114 MBM which perform the generate, swap,
and rerplicate functicns necessary during read and vwrite
operations with the nemory.
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The 7234 receives both the 5-volt ani 12-volt power
supplies required by the memory system and acts as a amonitor
for these sugplies. If either source falls below specified
thresholds (Appendix B), a power-fail signal is sent to the
bubble memory contrcller to aid in deactivation of the

systenm in an orderly sequence to preserve data integrity.

4. The 7245 Formatter/Sense Amplifier Chip

The 72451 formatter/sense amplifier (FSA) interacts
Qith each of the memcry components and performs a number of
functions concerned with data transfer within the systenm.
Figure 2.6 depicts the numerous signals associated with the
FSA and the other components involved.

a. External Signals

The bubble memory controller communicates with a
memory module thrcugh the 7245 FSA via a single
bi-directional serial data line (DIO). The level of the
command/data (C/D) line specifies whether signals on the DIO
are tc be interpreted as commands or data. Direction of

1This section is ltased on _information about the existi
7244 FSA chip and the expected capabilities of the 7245 ¢
%s deggrlged in advance information provided by Intel.

ppendix B.
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data flow on the DIO depends on the received command which
dictates the memory operation to be performed. The
controller also prcvides reset and timing signals and
responds to error signals generated if a 7245 FSA tuilt-in
error correction scheme discovers a discrepancy during data
extracticn from the memory chirp.

The bubble nmemory corntroller enables oreration
of a module and estatlishes communication with the FSA using
the chip "select in" line. In multi-module configurations,
this chir select signal is passed from module to module to
establish a time-multiplexed communication between the
tubble memory contrcller and each module FSA individually.
This process is discussed again later in tkis chafpter and
explained in detail ir Appendix B.

Bubble generate signals are sent to the 7234 CPG
in prorer sequence for data input to the memory. Millivolt
signals from the bulkle detection circuits are sensed and
amplified during a memory read and reconstructed intc the
original data stream for output.

The 7245 also produces enable signals to the
7234 CPG and 7250 CPD chips. These components and the
current supply to the 7114 MEM detection «circuits are only
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enabled when required by the memory access operation. This
reduces povwer consunption during times the system is not
actively transferring data.

¥. 1Internal Operations

The 7245 FSA is prepared for up-coming cfera-
tions by the input cf a four-bit commard code sent Ly the
bubble memory controller over the serial data line, with the
approrriate level on the command/data line. The commands
include initialize, reset, and memory read and write cpera-
tions as well as specifying the error-correction scheme and
checking cf the FSA status register.

Data are passed through a S40-bit first-in/
first-out (FIFO) buffer where 28 bits of error correcting
code are aprended or checked for each entire 512-bit page of
data transferred.

Another register holds the bootloop informaticn,
extracted from the memory chip, used to correlate data with
operating storage loops during input and output operations.

5. 1Ihe Four-Megalkit Memory ™Module"

The components descrited above can be corkined to
form the tasic block cf memory storage capability which will
be referred to as a memory "module”". Each module is cafpable
of transferring and storing ufp to four-megabits of digital
information under guidance of a bubble memory ccntroller.
The contrcller, which may be associated with multiple menmory
modules, is described in the next section.

B. THE 7225 BUBBLE AEMORY CONTROLLER

Use of a dedicated device to control the internal func-
tions required within the magpetic bubble memory systea is
an improvement over early designs in which the user was

27
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required to incorporate these functions into the overall
operation of the system utilizing bubble memory. Intel
components allow the designer to access the memory in much
the same way as conventional memory systems, 1leaving actual
operation of the bullle memory subsystems to the dedicated
contrcller.

This section presents the 72252 bubble memory controller
(BMC) and briefly describes the signals produced tc control
the functions of a butble memory module, and the interface
the ccntroller presents to the external system accessing the
bubble memory. These signals are depicted in Figure 2.7.

A
7245, T34, 7250
CHIP SELECT, RESET \ 7 _“—sy—'> B, 725
| READ, wRITE p ‘ 7250
JMA DATA ACK. / TIntNG
y 2 —_ﬁ> )
: \ 2 PCWER=FAIL
EXTERNAL - \ 3 1234
o rrmnpecess ¥ B m> crs
Y/ '
SYSTEM ‘SNAP, REPLICATE
< INTERRUPT B
DMA DATA REQ, [
INTERFACE M | oot N s
—— Fsa
4 3-817 PORT \' C SERIAL D10
Y/
I

PARALLEL
7225
BMC

Figure 2.7 7225 Bubble Meaory Controller Signals.

2This section is tased on_information about the_existing
7224 EMC chip_and the expected capabilities of the 7225 chip

as described in advance information provided by Intel. See
Appendix B.
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2 1. Bubble emory Sigmals
ey
2 Descriptions of the signals that pass between the
ii ' controller and support chips have been provided in the
Q? component descripticns of the last sectioa. Figure 2.7
2& summarizes the memory component control signals associated
directly with the bubltle memory controller. Most important
ﬁ; are the critical tising signals provided to coordinate the
j bubble memory functions with respect to movement of the
‘ﬁ magnetic bubbles with the rotating magnetic field. The
contrcller also exchanges command, status, and data signals
j to the memory module via the 7245 FSA, and produces swap and
fij replicate signals and receives power-fail indications
& directly with the 7234 CPG.
_ 2. External Systesm Ipterface
5ﬁ The interface to the external system consists of
o menory access function lines and an eight-bit data bus as
shown in the figure. The function lines are compatible with
}ﬁ other Intel controllers and their interconnections with
:? other tyres of data storage systeas. The user nmust send
‘:ﬁ . specific bubble memory commands over the interface tc the
J bubble &gzemcry ccntrcller to prepare the system for data
%1 input or output before each accessing operation. Chapter 3
ﬁ. discusses the interaction process required by an external
iaz systen in accessing a magnetic bubble memory.
o] When these commands are received, the BMC generates
‘gj the regqguired signals to the memory cell components to
i; perfora the operation with no further intervention by the
ﬁf external system required besides the necessity to provide or
gﬁ accept data at a known rate.
ﬁi The external system can either transfer data
%: directly with the BMC using a polled status mode tc coordi-
3& nate data flow, or incorporate a direct memory access (DMA)
2
eg 29
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system to manage handshake protocol with the BMC separately.
The folled mode is simpler to incorporate but requires
constant attention by the external systema to manage data
flow. DEA relieves the external system of this requiresment,
(¥ kut incorporates additional hardware and increases systenm
éi complexity. The method employed would depend on the partic-
; ular application (required data rate) and the specific

.'

‘:: external system involved.

;t& The process of determining the operational nmemory
‘ﬁj confiquration best suited for a particular recording need is
e

outlined in Chapter 4. A sample systea is presented in

Chapter 4 as vell, Lut since there are many external systes

configurations which could provide the required interface to
if the =xagnetic bubble memory, no specific discussion of

external systems or suggested data transfer methcd is
- presented in this parer.

< 3. Parallel Controller Capability

The "wait" signal is used to coordinate the actiomns
within a magnetic bultble memory system using two 7225 BNCs
Zjﬁ actively transferring data simultaneously in parallel. The
o advantage of this capability is discussed 1later in this

chapter.
4. Iptermal Qrerations
-:\
}: Internal operations of the bubble memory controller
;,‘ are described in detail in Appendix B. However, certain
’?j aspects of the internal configuration of the chip aust be
{f presented here in order to understand the system ofperation
C& described in the next chapter. These aspects are also
‘ji important to expansion of the systea into a larger capacity
5% configuration.
T
¥,
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a. Power Failure, Abort, and Reset Logic

In the case of a power failure dJetected by the
7234 CPG or an externally-generated abort/reset signal, a
routine is automatically initiated to de-activate the memory
module in an orderly fashion to ensure data integrity within
the magnetic bubble memory chip.

¥. Internal Registers

A pnumber of registers are accessed by the
external system to prepare the memory system for operatiomns.
The registers specify the operation to be conducted, the
amount of data to ke tramsferred, the memory module and
location within to be accessed, and the method to be used in
the transfer. A register is also used to report the status
of the operation and the occurance of any errors or compli-
cations, The registers are accessed via the eight-Lit port
using specific signals sent by the external system over the
BeRory access lines. Operation of the bubble memory systen
includes frequent interaction with the BMC registers and
this impcrtant process is described more fully in the next
chapter.

c. FIFO

The 7225 BMC FIPO is a 128 x 8 bit first-in/
first-out RAM used as a data buffer between the bubble
memory and the external systea. The magnetic bubble memory
chip transfers data only in 64-Fkyte blocks ("pages®"), thus a
full BMC FIFO may contain enough data at any one time for
twvo ccaplete transfers to a single memory module. Data are
transferred betwveen the BNC FIFO and the memory systeam at a
fixed rate depending on the number of modules within the
systen. The average data transfer rate to a single memory
module is 16 kbytes per second, tvo modules in parallel

31
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require 32 kbytes per second, etc. The BMC FIFO relieves
any small differences in data transfer from the external
system to the memory as long as the difference does not
eventually deplete or overflow the data buffer before the
operaticn is coarlete.

S. A Four-Megabit Magneti¢ Bubble Memory System

Figure 2.8 is a block diagram of a complete magnetic
bubble memory system capable of storing up to four-megabits
of digital informaticn. The figure depicts the basic inter-
connections between a single memory wmodule and the bubble
memory ccntroller which also serves as the interface to the
external system accessing the Lkubble memory system. Though
not lakelled, the arrows between components represent the
same associated signals as described earlier in this
chapter.

C. HULTIPLE HEMORY BCDULE SISTEAS
1. Multi-Nodule Interfacing

Figure 2.9 shcws how the basic system of Figure 2.8
is expanded to incorporate multiple memory modules into a
systea ccntrolled by a single 7225 bubble memory contrcller.
As can be seen, each module in the system receives the same
BMC signals as are sent to a single module with the addition
of a signal sent between the FSAs themselves. This signal
establishes the time-multiplexing of the PSAs that allows
the bubble nmemory controller to access mnmultiple memory
modules in a logical manner. This method of communication
between the bubble memory controller and multiple FSAs is
descrited in detail in Appendix B. Basically, the tiae-
sultifrlexing scheme allows the BMC to establish coamunica-
tions with any single memory module, or with several
combinations of modules in rarallel operation, without
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N Pigure 2.8 Four—Negabit Magnetic Bubble Bemory Systea.
é experiencing contention over the command and data 1lines
0 common to all the modules. This communication scheme also
s accounts for the system performance characteristics associ-
4 ated with the different multi-nodule <configuraticns
8 ’ presented next.
- 2. Julti-Module Cperations
1 A single Lubble memory controller Fhysically
,% connected to multiple memory modules is capable of accessing
: the mcdules in a number of ways, each of which Fprcduce
! different rerformance of the systea in terms of data
|
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transfer rates. System capacity, of course, is determined
merely by the number cf memory modules incorporated.

a. Serial Operation

Serial accessing of memory modules by the bubkle
memory controller involves use of only a single aeaory
module at a time for a given operation. The BMC establishes
communication with tke specific module FSA only, which in
turn enables the other components within the wmodule as
required for data transfers. Other modules in the systen
are in a stand-by mode and ignore the BMC signals sent out
over the lines ccmmon to all the memory modules.

Since only a single bubble amemory chip is teing
accessed, each transfer operation requires a miniamum klock
of 512 data bits (64 tytes), corresponding to one data bit
per storage loop within the 7114 MBNM, for a single page data
transfer with the systen. Multiple-page transfers may be
specified Ly the command received from the external systenm

. for a given operaticn and would involve exact multiples of
this 512-bit data block. Average data transfer rate between
the BMC and a single FSA is 16 kbytes per second.

Table 2 lists the important operating parameters
for single module (serial) system operation. This is the
performance of a single operating module even if it is part
of a2 multiple-module systen. The power requirements stated
are tased on a protctype kit provided by Intel and actual
Fover requirements would probably be lower for a custcm-
designed system. A xodule on standby would be powered Lbut
not actually in the frocess of transferring data (active).
Since magnetic bubble memory is non-volatile, data will be
maintained within the system even if all power is reaoved.
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TABLE 2

% Serial Bemory Systes Operating Parameters

. Single transfer ga €@ _SiZ€ eccccccaceces 512 bits

> Avefage (sustained) data rate ......... 16 kbytess/sec
ll Power regquirements (typical)

-, Actlve e G OO 00 5O O TS 898 OO S 00 B v 6.5 H

r‘.. Standbx ...........2.......... 2.“ w

b Note: No power required for data storage only
o

§

b. Parallel Cperatior

By addressing more than one of the FSAs in the
pultiple memory module system, the bubble memory contrcller

}3 increases the amount of data that must be transferred each
- operation, and increases the rate at which the transfer
s OCCurs.

Combinations of two, four, and eight modules can
- be accessed simultaneously resulting in average data
5 transfer rates which are miltiples of the rate associated
- with a single operating module.

Since data are being transferred to nmultifle
magnetic tubble memory chips simultaneously, the minimunm
block cf data required for each transfer operation is also a
sultiple of the 512-bit (64~-byte) page size required by a
single 7114 MBHM.

Power consumption changes with nmultiple mcdule
configurations as well. The power consumed depends on the
rusber of modules in the systen, and on the number of

DA modules actively engaged in data transfer or imn the inactive
;g stand-by mode.

N
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Descripticn of specific mnmulti-module perform-

S el

ances are withheld until the next section which descrites

. 4

the optiasum physical combination of the bubbkle memory compo-
nents described to this point.

A D. THE EIGHT-NODULE BAGNETIC BUBBLE MEMORY BOARD

- A single 7225 BMC is capable of providing signals to up
. to eight memory modules simultaneously. While smaller phys-
ical conmbinations are possitle, the eight-modules per
controller configuration offers the user more flexibility of
operation than any other possible configuration. This
configuration also represents the optimum combination of
o elements in terms of volume and weight which 1s a critical
i factor in space systems designs. For these reasons, discus-
sions of digital data recorder designs presented in Chapter
: 4 specifically involve an eight memory modules per single
3 contrcller configuraticn.

y Physical connection to eight memory modules allows the
~ contrcller to access the available amemory systems in a
- number of ways to achieve a desired performance in terms of
) data transfer rate c¢r memory capacity. The operational
configuration chosen is dictated mainly by the desired data

g

transfer rate. Exransion of any such system to nmeet
increased storage capacity requirements involves simfle
incorporation of additional controller/module combinations

‘ -« -
[l Sk A S S

FRE IS R R

b

to the existing system. This procedure is demonstrated in
Chapter 4.
The following subsections summarize the performance

S

= parameters of an eight-module magnetic bubble memory system.
_' 1. Femory Capacity

Eight four-megabit chips offer a user data storage
capability of 4,194,304 bytes (eight-megabytes) or
33,554,432 bits of digital infcrmation.

|
- 4

(I
.
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- 2. Data Rates

Serial (individual) operation of the memory modules
transfers data at an average sustained rate of 16 kbytes rer
second.

Farallel operation multiplies this rate by the
number of active modules resulting in transfer rates of 32,
64, or 128 kbytes/sec corresponding to the 2, 4, or 8 simul-
taneously operating module ccnfigurations possible. The
operating configuraticn chosen is determined by the maxirum
data input/output rates expected with system operation.

The desired transfer rate is easily changed by the
external system through the ccmmands and operation specifi-
cations sent to the bubble memory «controller via the
external interface. 1This process is described in the next
chapter.

3. Iramnsfer Page Size

€12 bits, corresponding to one bit for each storage
loop, mnmust be transferred into or out of each active memory
module for a single transfer operation. Parallel amodule
operation multiplies this page size by the number of modules
involved in the transfer.

Table 3 summarizes the data transfer rates and
minimnus data page size required for a single transfer opera-
tion for each of the possible operating configuraticns of an
eight-sodule memory systenm.

4. Power Consumption

As vas indicated in Table 2 , a single memory mcdule
actively engaged in data transfer consumes about 6.5 watts.
Again, this is based on data available for ar Intel-fproduced
prototype kit and power requirements for a configuration as
described herein would probably be somewhat lower. A single
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TABLE 3
Eight-Bodule Memory Board Performance

Number of modules

1 operating in parallel 1 2 4 8
Data rate (kbytes/sec) 16 l 32 ‘ 64 1 128
Page size regq. (bytes) 64 128 256 512

module on stand-by, (ie. powered but not involved in data
transfer), consumes alkout 2.4 watts.

Based on the information above, Table 4 1lists the
expected power requirements of an eight-module memory board
in its different operating configurations.

5. Size/Weight

Figure 2.1 at the beginning of the chapter depicted
the size of the major components of +the magnetic bubble
memory systenm. Figure 2.10 shows the estimated size of a
single memory module. The area shown ir the figure is a
good estimate of tle space regquired by an entire module
system including circuit elements such as resistors and
capacitors not illustrated. The layout in no way suggests
that this is the reconmended positioning of the elenents
withip a module. [Ref. 11] outlines suggested board layouts
for single and multiple-module configurations for the one-
megalkit magnetic bubltle memory system which is similar to

the four-megabit system in most respects.




TABLE &4
Bight-Bodule Hemory Board Power Requirements

Number of modules Number of modules Power
active stand-by reguired

0 8 19.2 ¥

1 7 23.3 W

2 6 27.4 w

4 4 35.6 W

8 0 52.0 W

The 7264 coil drive transistors represent the
"tallest" components in the system, extending approximately
4/5 inches from the surface of the board. Based on tiis
information, it is estimated that an entire eight-module
memory bocacd could nmeasure approximately 8" x 18" as shown
in Figure 2.11. Multiple-board systems would require about
1-inch spacing.

The "board circuits" indicated on the figure irclude
a voltage regulator circuit to ensure voltage levels within
specified limits (Appendix B), circuitry to assist in power-
fail detection, stcrage devices to maintain sufficient
voltage levels after a power faillure to implement the shut-
down procedure, and cther memory board support circuitry as
may be required such as line drivers to ensure adeguate
strength of the controller signals on the coamamon 1lines to
all ttke modules, etc..

The weight of the board assembly has been estimated
from the available EPK5V75A prototype kits (Appendix B)
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A
e which weigh 9.7 oz. each. Allowing for the weight of the
:ﬂ extra couponents on the prototype kit not required on the
55 memory tkoard, the expected weight of an eight-module memory
: . board would be approximately 43 o0z. or 1less than three
pounds.

It is the configuraticn depicted in Figure 2.11,
and the operating parameters presented above, on which the
Jiscussicn of a digital data recorder for space-based appli-
cations presented in Chapter 4 is based.
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Figure 2.11 Bight-Nodule Nemory Board.

E. PARALLEL CONTROLIER OPERATION

As was shown earlier in Figure 2.7 , the 7225 BMC has an
output line labelled "wait® which can be used to coordinate
the orerations between two bublle memory controllers working
in parallel. The twc BACs may operate twvwo separate memory
systems simultaneously to offer the user a 16-bit external
interface capability. This would double the operating
performances descrited for the system configurations
described earlier.

The "wait" signal between the bubble memory controllers
is used to ensure simultaneous operation of the systeas
during data transfers. 1In the case of a transfer delay due
to a discovered data error (Chapter 3) or a power failure or
reset signal within cne of the memory systems, the signal
would ke passed from the delayed controller to the other
system to inhibit further data transfer until the delay is
corrected and siamultaneous oreration can be re-established.
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Parallel system operation could be the topic of anotbher
tubble memory system study at the Naval Postgraduate School
and will not be considered further in this paper.
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III. BAGBETIC BUBBLE HENORY SISTEN QPERATICH

This chapter describes the Lkasic interactions between an
external system and the bubble memory controller required
for ccmmunication and data transfer. The inforeation
presented is a summary of information provided in [Ref. 12]
and specifically enmphasizes the procedures pertinent to a
sultiprle nemory module system as described in the last
chapter operating as a digital data recorder. Though
[Bef. 12] is provided as a guide to users implementing the
BPK5V75A four-megabit Intel prototype kit, familiarity with
the information therein is imperative before attempting to
formulate the operating routines to be implemented by any
external system utilizing the 1Intel four-megabit magnetic
bubble memory systems in any operating configuration.

The routines forsulated depend on the external systen
and data transfer gethod iasplemented as well as on the
nunber cf modules in the system. While no particular systea
or method is specified in this paper, differences in opera-
tion due to these factors is presented as they occur in the
discussion.

Basically, the external system accesses the memory by
sending specific operating parameters and command codes to
the bubble memory controller vhich then produces the
internal signals necessary to conduct the desired operation.
If the operation involves data transfer, the systex must
provide or accept data at the rate and in the guantity that
is specified by the operating parameters provided to the
Lubble memory controller by the external system pricr tc the
operation.

The first section presents the method the external
systea uses to initiate the available functions of the
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Combining these functions into a

discussel in the

follcwing

- EXTERBAL SYSTEM COMMUNICATIONS

descritel the

physical counection

tetween the 7225 BMC and an external system as consisting of

an 8-bit data bus

lines.
external systen
whether the BHC

Figure

ard a number
2.7
interface.

of meaory access function
is repeated here the
The interface shown is the same

to emphasise

controls a single memory module or many.

EXTERNAL

SYSTEM

INTERFACE
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Figure 3.1

7225 BAC - External System Interface.
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1. Command/Status Port

The command/status port consists of the 8-bit data
lines, the A0 lirne, and the (separate) read (BD) and write
(PR) lines as shown in table 5. Notice that the 8-bit data
bus D4 bit line also frlays a role in BMC communications.

TABLE S
Coammand/Status Port Punctions

Function D7 D6 DS D4 D3 p2 D1 D@ RD/WR RQ
Command '] " [of 1 [ c Cc c WR 1
MC Q e Q "] R R R R WR 1
Status ) S s s S S S S RD 1

Access to the port is selected when the A0 line is
cet to a logical "1I", The three possible locations accessed
are differentiated by the level of the D4 bit and the read
(RD) or write (WR) lines. Functional description of these
locaticns is presented next.

2. Register Address Counter

Since descrirption of their purposes explains much
about operation of the memory system, the register address
counter and its associated registers are discussed first.

Rith AO0=1, L4=0, and WR=1,3 the external systen
gains access to either the BMC parametric registers or the
BMC FIFO, depending cn the address on the D3-D0 bit lines of

3The external sistgm will usuall incorporate an
encoding or hardware logic to ensure that the D and &R
lines _ are never,6 set high sisultaneously, as this would
provide conflicting signals to the bubble memory ccntrcller.
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the data bus. Table 6 lists the registers and their associ-
ated addresses.

TABLE 6
Register Address Counter Assignaents

Register Name D7 D6 1] D4 D3 D2 Dt pe RD/WR

Block Length

Register (LSB) @ o 0 ' 1 ° 1 1 WR
(msg) @ 2 ) 2 1 1 ? "] WR

Erable Register @ ' '] "] 1 1 Q 1 RD/WR

Address

Register (LSB) @ ' '] a 1 1 1 (] ]D/UWR
(mSBY 2 L) Q ") { 1 1 1 RD /WR

7224 FIFO " (- Q Q Q D 2 "] RD/WR

NQTE: For all of the above, RO = @

Notice that the registers are addressed in hexa-
decimal order from OBH to OFH and that the FIFO has an
address cof all zeros. This arrangement is designed to allow
the user to use an auto-incrementing feature of the RAC.
After a particular register is addressed, and the associated
byte transferred, the RAC automatically increments to the
address of the next register in seguence to sizplify the
process of loading the operating parameters into subseguent
registers. This process continues until the RAC rolls over
to zexrc to address tlke BMC FIFC where it remains until a new
valid address is sent to the RAC. This feature automati-
cally prepares the memory system for data transfers after
the parametric registers are loaded. Operations which do
not require updating of subsequent registers may be
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performed as well, but require the external system to
address the desired registers and FIFO separately as needed.
After a specific register (or the FIFO) is addressed,
lovering the AQ0 line allows data transfer with the register
(or the FIFO on a bit-by-bit rasis) depending on the level
of the read (RD) or write (WR) 1lines. Note that the block
length register may only be written into while the Lytes
associated with the cther parametric registers may be read
by the external system as well.

3. Parametric Registers

F; The parametric registers are used by the external

system to specify the memory module(s) to be accessed, the
amount of data to be transferred, the method of transfer to
L be used, and any error correcting scheme to be implemented.
- Normal system operation involves transfer of the operating
fﬁ parameters to the parametric registers (if required by the
upcoming operation) fcllowed by issuance of the command code
to be executed. Oonce a command is issued to the BMC, the .
?Q parametric registers gust not be modified until the ofera-
tion is ccopleted or terminated as they are used as working
registers by the BMC during command execution.

a. Block Length Register

The block length register is made up of a least
significant byte (LSB) and most significant byte (MSB) as
addressed through +the RAC ( Table 6 ). The bubble memory
contrcller interprets the data in these two bytes as shown
in Figure 3.2.

(1) Channel Field. Bits D7-D4 of the MSB are

9 known as the channel field and specify the number of FSAs to
N te accessed during the next operation. Eackh FSA has two
Ci channels associated with each bhalf-system of the bubtle
o memory chig it services (Appendix B). To preclude
- 48
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Figure 3.2 Block length Register.
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AN

<" asynchronous operaticn of the channels within the @memory
chip, only one of the channel field bits may be set during a
given operation. A channel field entry of 0001 would select
cnly a single FSA (memory module) for the next operation. A
0010 entry would specify parallel operation of two modules
simultaneously. The entries 0100 and 1000 would call for 4
o zodule and 8 module operations respectively. A channel
53 field entry of 0000 will allcw half-system operaticn of a
- memory module, but this operation is included for diagmostic
. purposes only and is not a useful configuration in normal
menory ogerations.
Thus, the entry in the channel field sgeci-
fies the data transfer rate which will occur during the next
) data transfer operation, as well as the page size required
jj for each single transfer. The channel field entry is also
used to specify the particular memory module (s) tc be
addressed wvhen combined with the MBM select field which is
described shortly.

(2) Terminal Count Field. The D2-D0 bits of
the #SB and the eight LSB bits combine to form the terminal
oy count field. The eleven bits of this field are loaded with
’ the binary number of total pages to be transferred during
7 the next operation. This field limits the number of rages

that may be transferred during a single commanded operation
to 2048 fpages.




t. Address Register

The address register also coasists of a least
sigrificant byte (LSB) and most significant byte (4SB). The
BMC interprets the data in these two registers as shown in
Figure 3.3.

Junonnonoooooonon

Figure 3.3 Address Register.

(1) Starting Address Eield. The  address

register MSB D4-DO0 Lits and the eight bits of the LSE are
interpreted as the logical page address within the memory

module(s) at which the transfer operation will begin. The
thirteen bits allow direct addressing of any of the modules'
8,192 storagye pages. As each page of data is transferred,
the starting address field is incremented to autoratically
select the next sequential page.

(2) MBM Select Field. Bits D7-DS of the
address register MSB are called the MBM select field. This
field, along with thke block 1length register channel field,
specify the particular memory module or group of modules to
te accessed. Table 7 illustrates this process.

For example, an MBM select field entry of
000 with a channel field entry of 0001 would address FSa
channels 0 and 1 which are associated with the first gmemory . !

module in sequence. An BN select field entry of 001 with a \
channel “ield entry of 0010 would specifically address the

50




A A S A A el T W Sl S R At Sl R hen- A T e ‘Sl 0 e S Gie N g Wal Be A b e i me B S B 0 B "t N TR A (A8 )

TABLE 7
Hemory Module Addressing Schene

MEM Select Charnel Field
(Address (Block Length Register MSB bits)
Register
MSB bits) (L'l 2291 onie 100 1222
aae ] 1 2,1,2,3 Q to 7 3 to F
221 1 2,3 4,5,6,7 8 to F
210 2 4,5 8,9,A,B
211 3 6,7 C,D,E,F
100 4 8,9
191 ] A, B
110 6 c,D
111 7 E,F

second and third memcry modules in sequence and call for
Farallel operation.

A useful feature of the address register is
that when the starting address field increments past 8,192 ,
the MEM select field is automatically incremented as well to
select the next sequential nmemory module or group of
modules.

The address register(s) may be read by the
external systen. This allows the system to determine the
stopring address within the memory for a recording ofperation
of unknown length, and to specify the next page address as
the starting point for the next recording operation.

c. Enable Register

The enable register specifies the data transfer
method to be implemented, enables interrugt options, and
specifies the actions the system will perform in the occu-
rance of a detected data error. Each of the enable register
tits shown in Figure 3.4 and their associated functions are
discussed briefly.

51




ENABLE REQISTER
nonnnnon
l L—O INTERALUPY ENABLE (NORMAL
INTERRUPT ENABLE (ERAROM
e OMA ENASLE
:!I:;! 000TLOOP ENANLE
ENABLE RCO
ENADLE 'CO
ENABLE PARITY MTERAUPT
Figure 3.4 Enable Register.
(1) Interrupts. The bits D7, D1, and DO

enable the bubble =zemory system to produce an interrupt
signal to the external system under certain conditions. The
"normal" interrupt and the "parity" interrupt will not be
incorporated in future Intel modifications of the systesns.
The external system should ensure that these bits are set to
"O" each time the enakle register is loaded.

The "“error" interrupt enable bit (DY) is
used in coordination with the read corrected data (RCD) and
internally corrected data (ICD) bits (D5 and D6) to specify
the level of error correction the system will implement and
the actions the system will perform wher an error is
detected by the system FSA(s). The write bootloop enaltle
bit is used to enable an external system to input data into
the memory systems' bcotloops. This action will not normally
be taken by the wuser so the external system shkould also
ensure that this bit is not set when 1loading the enable
register. The D3 bit was associated with a function avail-
able with the one-megabit system and is reserved in the
four-mejabit systenms. It also should be set to 0 at all
times. Finally, the CMA enable bit (D2) when set allows the
BMC to use its DRQ and DACK lines to establish a CMA hand-
shaking protocol during data transfers with the external

52

[ o=~ i~




RS P A St " it * Sl e et S e i it uil e Ml - o € i il puil g g o B1g

system. When not set, the system operates in the polled data
transfer mode.

The BMC PIFC is a first-in/first-out data Dufter
used to reconcile timing differences in data transfers
between the external system and the bubble remory. The FIFO
is dual-ported, allcwing simultaneous input and output of
data in a first-in/first-out method. Data transfer between
the FIFO and the external system differs slightly with the
data transfer mode selected. In the DMA mode the BMC uses
the DEQ and DACK lines to establish a byte-by-byte transfer
protocol with the external system. In the polled mode, the
external system examines the FIFO READY bit of the BMC
![ status register (described shortly) or the DRQ line signal
- level to determine when to transfer data to the FIFO. 1In
either transfer mode, the external system aust be carable of
providing or accepting data at a sufficient rate to not
allow the FIFO to deplete or overflow before the entire
transfer operation is complete.

The FIFO in the 7224 BMC 1is 40 bytes long. 1Intel
proposes to increase this space to 128 bytes (two full
memory mcdule pages) in its design of the 7225 bubble memory
controller. This should increase the ability of the system
to reconcile timing differences with the external systenm
during data transfers.

5. [Error Correction

The inbherent data integrity of magnetic bublle
) memory systems is extremely high due to the physical
fyi architecture of the memory cell, and incorporation of error
correcticn improves this integrity by several orders of
magnitude. As pmenticned in Chapter 2, the bubble memory

......................
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systems' formatter/sense amplifier appends 28 bits® cf error
correcting code to each page of data input to its respective
bubble memory for storage. The code is checked after the
entire page is recovered from the memory before output to
the bubble memory controller. If an error is detected, the
FSA status register (Appendix B) is updated to reflect the
type cf error and subsequent memory system action defpends on
the level of error correction specified in the BMC enakle
register.

If a correctable error is detected, the FS2 is
capable of correcting single error bursts of five bits or
less using the 14-bit appended error correction code and a
tuilt-in error correction algorithm.

The most common type of error occuring in magretic
bubble memories are "soft" read errors caused by noise in
the bubble detection circuitry. Read errors do not affect
the integrity of the data as stored in the nmemory chip and
the error can usually be corrected by simply re-reading the
affected page.

Table 8 1lists the three available levels c¢f error
correction which may be impledented and the associated EMC
enable register bit levels which specify the actions the
system will take upon error detection.

in level 1 error correction, the RCD (read corrected
data) it is set in the enable register. WFhen the FSA
detects a correctable error with this level active, the EMC
automatically issues a read corrected data command tc the
FSA which <cycles tie data through its ECC anetwork and
inmmediately transfers the data to the BMC. If the FSA
status register still reports an error, the data transferred

414 rits of error correcting code is appended_onto each
256-bit half-gage of data input“to both FSA channels associ-
ated with eac 114 MBEM. See Appendix B.
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TABLE 8
Error Correction Levels

[ i Erable Register Bit
Srror - - -
Correction I g1t 6 Bit S Bit
Level t ICD RCD Irterrupt Enable
i (Error)

are still erroneous and the 3MC must interrupt the exterrnal
systen for further instructions.

Wwhen an error is detected with level 2 correction
specified, the BMC first allows the FSA to cycle the erro-
neous data through its ECC retwork wusing the irternally
corrected data command to the ¥S}, and then checks the FSA
status register to determine the outcome of the process
before requesting data transfer using the RCD command. This
halts the transfer cperation at the erroneous page and
allows the external system to mark the erroneous page and
attempt re-reads and re-corrections through specific bubtkle
memory ccntroller conssanis.

When level 3 error correction is specified, the
external systeam receives an interrupt signal with each occu-
rance of a detected error. With levels 1 and 2, corrected
errors are transparent to the external system. Level 3
allows the external system to 1log all occurances of error
detection and gives the system added ability to cope with
multiple errors which may occur with multiple memory module
system orerations. It also requires additional routines to
meet the additional responsibilities.




6. EMC Status Register

¥hen A0=1 and ED=1 the external system receives an
8-bit status word frcm the BMC as shown in Figure 3.5. The
status register frovides information on the completion or
termination of an operation, error occurance, and atility of
the FIFO to accept coxr provide data. The external system
uses the irnformation fron the status register to continue

with norral operation of the memory system, or to implement
routines to handle tlke occurance of errors.

STATUS REGISTER

? [ ] 1} 4 3 ? t [ ]

l—o FIFO READY

b PAMITY ERROR

et UNCORRECTABLE EANOA
-o> CORRECTABLE EAROAN

TIMING EAROA

oF FANL

OF COMPLETE

sy

Figure 3.5 7224 Status Register.

When the BUSY bit is set, indicating an operaticn in
progress, all other status register Lits except the FIFO
READY bit should be ccnsidered invalid. Only after the BUSY
Lit returns to 0 should the external system examine the
status vord to deterzine the outcome of the operation. lote
also that while the BUSY bit is set, the BMC will not accept
any new comaand except an ABOKT command until the operation
is cciplete or teraminated.

When the BUSY bit returrs to a low loyic level, the
external systenm examines the BMC status register to
determine the outcomne of the operation. If the 0?2 COMPLETE
Lit is set, this indicates that the operation was completely
and successfully executed. If the OP FAIL bit is set, the
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operation was not successfully completed and the external
system will have to examine the other bits in the status
register to determine the <cause of the failure and the
necessary actions to continue operation of the systenm.

7. Commands

When A0=1, WKR=1, and D4=1, the D5 and D3-D0 bits of
the data bus are deccded as a BMC command. Table 9 lists the
available awmemory function cosmands and their associated
compand codes. Those commands marked with an asterisk are
the most frequently used in normal memory operations. The
others are either used less frequently or are for diagnostic
purposes only. Since these conmmands are rarely used in
normal operation of the bubble memory system, they are not
considered here. [Bef. 12] gives a complete description of
all the commands and their effect on amemory system
cperation.

a. Abort

The ABOK1 command is the only command recognized
by the BMC while it is in the process of executing a memory
operation. For this reasomn, it is used whenever the systen
is in an unknown state, such as following power-up. 1If in
the process of transferring data, the ABORT command termi-
nates the operation and stops the MBMs in an orderly manner
to ensure data integrity within the chip.

The ABORT command does not recuire any specific
information to be loaded in the parametric registers before
initiation.

b. Initialize

The INITIALIZE ccsaand prepares the memory
system for operation when the system is in an unknown state.
This coamand clears the address field of the address
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b TABLE 9
BN BMC Command Set
>
e
oy 133 D3 D2 D1 Do Command
R Q o ] L 1 Initialize
M a2 @ o 1 ) Read Bubble Data
K Q Q e 1 1 Write Bubble Data
) . ' 1 [ Q Read Seel
' 2 Q 1 2 1 Read Bootlooo Register
s, ] Q 1 1 2 Write Ecotlcoo Register
SN Q Q 1 1 1 Write Bantloon
b ? 1 ] ") @ Read FSA Status
- e 1 2 ] 1 Abort
Bl 2 1 ) 1 ) Write Seek
Q 1 "] 1 1 Read Beootleoop
Q 1 1 "] " Read Corrected Data
3 1 1 " 1 Reset FIFQ
.} 1 1 1 ') MBM Purge
Q 1 1 1 1 Software Reset
1 Q '] ] '] Write Boctloop Register Masked
1 Q ' P 1 lero Access Read Seek
1 ") a 1 ? lero Access Read Bubble Data

register leaving the cther parametric registers intact. The
BMC FIFO and input/ocutput latches are also cleared. The
tootloo; ccde of the memory module addressed by the EBM

.
P

o
ALY
Vol

Qi%; select (with the channel field specifying single module
e accessing only) is read into the BMC FIFO and then trans-
z:: ferred to the FSA becctloop register. When the bootloop code
iE is extracted the MBM is 1left positioned at logical page
igi 2¢rc., In a multinle memorv module system} the chanrel field

must re loaded with GCJ01 to arrarnge accessing of the nmoilules
serially (separately), and the MEM select field must address
the each module in turn to ensure initialization.

c. Read Buklle Data

This command initiates data transfer from the :

R
.
N

.-

134 (s) to the BMC FIrf0. The parametric regyisters must be

) pre-lcaded with the orerating parameters before the cormand
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is issued.
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d. Write Bullkle Data

This command initiates the transfer of data fron
the BMC FIFOC to the MBM(s) in the manner specified by the
values pre-loaded in the BMC parametric registers. Note
that data should not te loaded into the 3MC PIFO until after
the command is issued.

B. NORBAL OPERATING EROCEDURES

This section presents the methods of incorporating the
commands described in the previous section in proger
sequence for normal operation of the bubble amemory system.
Tne flcow diagrams _resented are derived fromk am earlier
versicn of [Ref. 12]. The ©presently available systesms
require different cgerating preocelures due te  the hardware
modifications incorrtorated by Intel to alleviate a problem
which was 1limiting production yield (Appendix B). The
methods rresented here, derived from the earlier reference,
more Cclosely resemlble the expected operating procedures
which will be incorfporated with systems Lbased on the 7225
BMC and 7245 FSA.

The major operations illustrated are power-up, initiali-
zation, coammand execution, data transfer, and power-down.
In each case, an algorithmic flow diajram of the operation
is presented and remarks in amplification of the required
commands already described is given.

1. Power-Up apd Command Executi

Figure 3.6 describes the procedure used upon initial
fovering of the system. After applying power to the systea,
a S50-millisecond delay ensures that the system voltages have
reached acceptable levels before commencing operations. The
first command after applying power to a systea is always the
ABORT command. Notice that the BMC status register is
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Pigure 3.6 Eemory Systea Power-Up Sequence.

exanined first to determine that the , command has been
accepted (BUSY bit =et), and then polled to determine
completicn of the operation. An external timeout counter is
used to ensure operation within a reasonable period.

This process of issuing commands and examining the
iﬁ status register is the basic method used by the external
system for execution of all the bubble memory functions.

o Figure 3.7 shcws the fprocedure used to perform the
initiation of the memory system. Figure 3.8 illustrates the
basic commands and logic used in general command executicn.
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iiﬁ The process used to transfer data with the bubble memcry is
:iff shown in Figure 3.9 Besides illustrating the normal oper-
:;" ating rprocedures of memory system operation, the flow
}i}; diagrams also reveal the areas in which an error handling
1&;# routine may have to be implemented.
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o Figure 3.7 Memory System Initialization.
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. Figure 3.9 Data Transfer Procedure.
- 2. Power Down
4 Since the 7234 CPG incorporates power-fail
L circuitry, the shut-down procedure is the same whether the
. system is powered down intentionally or not. The power-fail
- circuitry includes storage elements to ensure adegquate power
¥ to the system for the BMAC to execute its shut-down rcutine
= . and ensure data integrity.
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IV. ) BAGNETIC BUBBLE MBNORY DIGITAL RECORDER

This chapter describes the designr process of a digital
data recorder based on the eight-module memory “board"
descrilted in Chapter 2.

The first section describes the simple logic that can be
used to determine the required system physical and operating
configuration. The second section uses this design logic to
propose a system configuration which could meet the data
recording requirements of a space systems project currently
in prcgress.

A. SISTEN DESIGE LOGIC
1. Memory Capacity

The first factor to be considered is the amount of
storage required for the particular application, which
dictates the number of memory boards regquired by the systenm.
The regquirements should be computed in terms of numbers of
pages to be input to the system for storage. Each single
transfer operation requires 64 bytes of data for each cper-
ating mesory module in the system. Incomplete pages of data
may not be input to the memory. For example, storage of
20-megabits of digital information would require at least
five four-megabit memory modules if the data could be
configured to £fill each of the modules coampletely during
input.

2. Data Rate

[

The second configuration factor is establishing the
data input/output rate to the bubble memory system. After
the paximum transfer rate is defined, the operating
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confiquration of the memory board is chosen to accommodate
EQ this rate. Differences between the transfer rates are Luff-
| eced by the BMC FIFO but the external system must also
ensure that the differences do not overflow or deplete the
" BMC FIPO during any specified transfer operation. The
S exterral system may incorporate a data buffer to ensure
) presence of sufficient data to accommodate the data transfer
rate desired for a specified recording interval before
initiating the transfer operation.
- As an example, a single microphone connected to an
8-bit analog to digital converter being sampled 2000 times a
second produces data at a rate of 16-kbits per second. The
; external system could elect to transfer this data, as it is
collected, to a system operating its wmodules one at a time
in the serial mode. Another option 1is to first collect the
data into a buffer, in page format suitable for transfer,
before initiating the transfer command to conduct the
transfer at a faster rate using multiple memory modules
operated in parallel. Multiple buffers may be imcorporated
to ensure no loss of data as it is sampled. This tuffering
method is very useful when the data production occurs at a
rate nct compatible with memory system operation. After the
required data rate is established, the capabilities of the
external system to support this operation with the bubble
memory recorder would determine the method of transfer to be

implenmented.
h¢ As an illustrative example of the configuration
5 logic presented above, a proposed design of a digital data

N recorder based on a project currently in progress is
presented in the next section.

l“.. IOy
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B. H.P.S. PROTOTYPE DIGITAL RECORDER

1. Background

With the inception of two neu curricula in Space
Systems Engineering and Space Systems Operations at the U.S.
Naval Postgraduate Echool, scme of the officers involved
pursued an idea of conducting an experiment as a space
systems engineering/cperations project. The National
Aeronautics and Space Administration (NASA) offers space
aboard the Space Transportation System (Space Shuttle) for
experiments placed into a small, self-contained "Get-Away
Special" canister (GAS can) which is «carried intoc space
withipn the shuttle cargo bay. Permission and funds were
received to initiate an experiment to be carried inside one
of these canisters.

2. Experiment Description

The experiment is designed to record the amtient
acoustic levels within the shuttle cargo bay during launch.
These data will be used to determine the acoustic modes,
spectra, and levels within the bay as information to srace-
craft designers tc avoid potentially destructive acoustic
coupling of structures or components carried into space
aboard tke shuttle.

Three microphones are used to record the acoustic
inforration and three accelerometers furnish vibrational
data. Each sensor is connected to an 8-bit analcg-to-
digital (A/D) converter to provide the recorder with digital
inforrmation for storage.

The first stage of the experiment is accomplished by
emitting a known signal into the loaded bay before launch
and recording the responses. An acoustic signal is swept
from aprroximately zero ¢to 1000 Hz in one Hz increments
which takes approximately 16.5 minutes. The second stage of
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the experiment records the ambient acoustic and vibrational
levels during engine and rocket ignitions and 1lift-off.
:f Only three minutes of operation are regquired to record the
T signals considered significant during this event.

3. EKecorder Requirements

The sample rate for all sensors is fixed at 2.5 KHz.
- During the first portion of the experiment, only the three
microphones are recorded producing approximately 7-megabytes
- of digital data for storage in the 16.5 minutes of the
sound-sveep. During the second stage all six channels are
recorded during ignition and lift-off, producing approxi-
mately 3-megabytes of information. Total memory capacity
_ required therefore is around 10-megabytes.
1. Two different data input rates must be accommodated.
?; Maximum data input rate occurs during the second porticn cf
the experiqent where operation of all six channels generates
15,000 bytes (15 kbytes) per second of information for
storage. Three channel operation produces half this data
rate.

S 4. BPK 5Y75A Prototype Kit Design

Intel Corp. produces a four-megabit magnetic bubtkle
memory prototype kit labelled BPK 5V75A which is a fully

o constructed magnetic tubble memory system on a single card.
&3 This kit 1is descriked in Appendix B and is basically
‘; conprised of a 7224 bubble memory controller and a modified
E} single four-megabit magnetic bubble memory module. The kit

- was chosen for use due to ease of implementation and avail-
. ability, and its applicability as a space systems experiment
9 on its own merit.

A series of 24 BPK kits are installed in a box meas-
uring afprroximately 14"x14"x15" consuming 2940 cubic inches
or 1.7 cubic feet of volume. Weight is estimated at about
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50 pounds and powver requirements are expected to be around
20 wvatts,

Maximum data rate during lift-off is 15 kbytes per
s second as described earlier. D¥A technigues have Leen
incorporated for data input to the system, regquiring addi-
tional ccmponents and hardware to the 24 BPK kits and the
overall recorder controller which coordinates data flcw to
(f each of the prototyre kits. Data is transferred to the
‘ menory chips serially from buffers which collect many fages
of data before each tramsfer is conducted.

A complete description of the design, construction,
ol and capaktilities of this system is the subject of another
thesis currently in fcrmulation.

S. Multi-Module Custom Design

This subsection briefly describes the improvemerts
which cculd be realized if the same system as described
‘ above was designed using the memory components configured on
. an eight-module memory board as described in Charter 2.
?# Only the capabilities and advantages of the memory board
compared to the prototype kit design is examined. No
specific external system or data transfer rate will be spec-
, ified, although approximated system size, weight, and power
consumption will be increased to reflect the requirements of
these components within the systen.

Y The initial sound sweep of the shuttle cargo Lay
- produces data from the three microphones for a period of
approximately 16.5 minutes. Each channel is sampled at a
. rate of 2500 times a second, producing 7500 bytes of infor-
mation each second for input. In terms of pages, the data
> rate is 117.1875 pages per second. In integral nunters,
1875 whole pages of data are produced every 16 seconds. 16.5
minutes of recording would produce 116,015 whole fpages of
digital information (iisregarding a fractional page
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recorded). This amount of data would require 14 coxflete
memory aodules and 1,327 pages of an additional module.

Tvo complete memory boards of 16 total memory
modules exceeds the data requirement for this portion of the
experiment and represents a 1logical and manageable afpor-
tionment of the memory system components.

During the second stage of the experiment, all six
channels produce data, increasing the data rate to 15 kkiytes
per second, correspcnding to 234.375 pages per second, or
1875 rages every 8 seconds. At this rate, a complete memory
board records over 4.5 minutes of data which exceeds the
specified requirements.

The proposed recorder design then, consists of three
memory Lkoards with an additional support circuit board
included to incorporate the required external systems such
as DMA hardware, data buffers, powver regulators, etc.

Based on the characteristics described in Chapter 2,
such a system would measure approximately 18"x8"x5" corre-
sponding to 720 cubic inches, or less than one half culic
foot volume. Weight is estimated at about 12 pounds. This
represents a significant iamprovement in these properties
over the prototype kit design. Serial operation of the
modules on the boards could easily accommodate the data
transfer rates, thcugh parallel operation in association
with intermediate buffers is a possible operating opticn.
Power consunmption is similar to the prototype design of 20
vatts.

It should be noted that in both designs, and in
magnetic tubble memory system design in general, incorpora-
tion of a power switching circuit to supply power only to
the memory modules actually engaged in data transfer will
result in a significant reduction in power use [Ref. 13].
This takes advantage of the non-volatile property of
magnetic bubble memory.
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ij@ Construction of the proposed digital data reccrder
j‘x must wait for release by Intel of the updated version of the
‘ﬁ four-megabit magnetic bubble memory system including the
‘gﬁ 7225 bubkle memory ccntroller and the 7245 formatter/sense
{bk amplifier chips. These components will represent the optimum
R in size, weight, data density, and power consumpticn in
“i_ magnetic buktble nmemory technology. Since these properties
ﬁ? are of special concern to the space systems designer, future
2 designs of digital data recording systems for space-lkased

. applications should consider the merits of the use of
o~ magnetic tutble amemory.
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APPENDIX A
MAGNETIC BUBBLE MEMORY TECHNOLOGY

A magnetic bubble memory is comprised of a substrate
material ia which @pagnetic bubbles are stored, and the
structures and components that permit location and sovement
of the bukbles within the substrate and input and output of
data with the memory. This appendix explains the basics of
a magnetic rubble memory system and the support mechanisas
required for proper operation.

A. HAGNETIC BUBBLE MNENORY CBLL DESCRIPTION

The term "magnetic bubble memory cell" is used to
describe the ccmponent within which magnetic bubbles are
stored. This includes structures to 1locate and move the
Ltubbles as well as the medium in which they are contained.
Since this is the only area in which magnetic bubbles exist,
the means for creaticn and destruction of magnetic butbles
is also described.

1. Substrate

The material in which the magnetic bubbles are
stored is called the magnetic substrate and is usually a
thin film of a synthetic garnet material with wuniaxial
ferromagnetic properties. Figure A.1 shows a section of
substrate material with its inherent regions of opposite
magnetization and shows the effect on these regions of an
applied external magnetic field. Application of the field
perpendicular to the garnet material axis of magnetization
causes the areas of magnetization opposite to that of the
applied field, knowr as the bias field, to compress.
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Increasing the bias fiell eventually forces these regioms to
form stable, compact cylindrical shapes within the medium.
These cylindrically shaped donmains are the magnetic
"bubbles" which will Le used to represent stored digital
data within the substrate.
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Figure A.1  Magnetic Substrate and Bffects of
an Applied Ferpendicular Magnetic Pield.

The size of the bubble dJdomains is deteramined by the
strength of the bias field. Strengths of 100 - 200 Oersteds
produce useable bubble sizes and can be ' easily provided by
permanent magnets superinmposed around the substrate
material. Barium or strontium ferrite magnets of 120 - 180
Oe are commonly used and result in bubble sizes of around 3
pmicrons diameter. Once formed, the magnetic bubtle domains
remain preserved within the substrate as long as the bias
field is maintained. sSince no external power is required by
the frermanent magnets, memories storing digital data as
discrete magnetic bulktle domains within a substrate material
represent non-volatile storage systeas.
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3. 1location and Movement of Data Bubbles

To be useful, the magnetic bubbles which regresent
the stored digital data must be locateable and accessible.

- a. Permalloy Structures

Each location within the substrate used to store
a magnetic bubble is marked by a tiny permalloy (nickel-iron
alloy) structure on the surface of the material. The wide-

v i tete

gap structures depicted in figure A.2 have been found
optimum in terms of location and movement of the bubkle
domains within the substrate as well as in manufacturing
- considerations [Ref. 14]. As described in the figure, the
y shape and spacing of these structures is directly prcpor-
tional tc the magnetic bubble diameter established by the
rias field. This defines the required minimum feature capa-
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bility of the manufacturing process.
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Figure 1.2 Wide-Gap Permalloy Structure Designs.
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o Pigure A.3 Bagnified view of Chevrons on Substrate.

Figure A.3 shows a magnified picture of a group
of chevron structtres superimposed onto a substrate

material. Limiting factors to bubble capacity within a given

area of substrate material are maximum intensity of bias

field possible before bubble implosion (forced reversal of

the magnetic field of the bubble domain), and the ability to

. create and superimpose the required storage structures onto
‘_ the substrate. The first limitation is a property of the
i substrate material used, while the second limitation is due
to the available manufacturing processes. Conventional UV
photolithcgraphy minisum features are about 1 micron. ZX-ray
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N lithograrhy and ion-implantation technigques promise to
i; reduce this even further allcwing additional increases in
v e capacity for the same area of substrate [Ref. 15].

Eﬁ: ‘ When in the presence of an in-plane magnetic
Ef field, the permalloy material produces a magnetic compcnent
35 ’ perpendicular to itself. This component adds to or

subtracts from the tias field set wup by the persanent
magnets and produces "field wells" to which the wmagnetic
bubble dcmains are drawn by the local magnetic gradient. A
coutinuous in-plane magnetic coaponent is provided by
tilting the substrate material slightly to the plane of the
permanent magnets as shown in figure A.4 . This establishes
the storage location "field wells" occupied by the butbles

vwhen the memory is inactive.
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b. Pigure A.4 Orientation of the Substrate and Nagnets.




b. Rotating Fagnetic Field

Por movement and accessability of the magnetic
bubbles, a rotating wmagnetic field is set up about the
magnetic substrate by two perfpendicular coils driven at a
known frequency. See figure A.4 and figure A.13 at the end
of this section for coil configuration within the @memory
cell. Sinusoidal currents oriented in quadrature through
the coils produce a ssoothly rotating magnetic field. The
accepted method, howvever, is application of current pulses
througlt Schottky diocdes which produce triangular wvaveforas
as shown in figure 1.5 . Application of curremnt pulses is
easier to control digitally than application of sinusoidal
signals and the resulting vaveforms produce an acceptablly
smooth rotating field vector. The timing of the pulses
establishes the rate of rotation of the field which deter-
mines the rate of mcvement of the magnetic bubbles within
the substrate.

The rotating magnetic field is oriented in-plane
to the substrate and produces a perpendicular magnetic
component from the permalloy structure as described earlier.
The rotation of the applied field combined with the shafge of
the permalloy structure causes the "field well" beneath the
chevron to move in a known manner. The change ir magnetic
gradient pulls a stored magnetic bubble along resulting in
controlled movement of bubbles within the material. Figure
A.6 is used to explain bubble movement between structures
due tc an applied rotating magnetic field.

The first chevron in each row represents the
same chevron viewed at five different times while the field
is rotated about it. Each row shows three successive chev-

rons in what could be a 1line of associated data locatioms
within the substrate. The arrows to the right of each row
depict tle rotating field vector set up at these discrete
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Figure 1.5 Rotating Bagnetic Field Circuit and Waveforas.

times by the perpendicular coils. Denoting the first rcw as
having an applied vector of zero degrees, it can Le seen
that a Lubble exists in position 1 beneath the first two
chevrcens and no data is stored in the third 1location. A
shift cf the rotating magnetic field vector by 90 degrees,
depicted in the second row, moves the "field well" beneath
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complete cycle of the rotating maynetic field.

718

each permalloy chevrcn to position 2 pulling the
magnetic bubbles along. Positions 3 and 4 show the bublle
positions during subsequent 90 degree shifts of the aprlied
field vector. Finally position 5 shows that after cne
complete rotation of the applied field the "field
returns to its original position on the chevron. B
that were at the end cf one chevron are drawn across the gap
to the "field well" of the next permalloy
Bubbles are simply shifted 1linearly by one location

Figure A.6 Bovement of Bubbles Beneath a Permalloy Structure
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4. [LCata Storage Crganization

Since moveuent of the maynetic bubbles withir the
substate is essentially serial between adjacent locations,
digital data could e stored Ly placing the data intc one
long lcofp of chevrons a single bit at a time as depicted in
Figure A.7. This configuration has two major drawbacks.
First, a defect in a singyle chevron wouid break the conti-
nuity of the storage loop and the entire chip would be
useless. Secondly, retrieval of particular data would be
potentially slow since the desired data may need to be
rota ted completely around the storage loop before arriving
at the output locatico.

Generate (a)
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X — Replicate/transfer
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g -— = D
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Pigure 1.7 Single Loop Bulble Storage Architecture.

Figure A.8 shcws the most accepted method of stcring
magnetic bubble data known as the major-tracks/minor-lcop
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configuration. The major tracks are used for input and
output while the mincr loops are used for data storage. The
method of introducing bubbles for storage and retrieving
bubbles as output data is discussed shortly.

2ead \

track
o - — - D
- - -
] [ - " " Ty
=N TN Replicate/ /N TN 2N
crans‘fer
A Minor looos

.y X — — —
write <track
::)Senerate Annihilate &

Figure A.8 Bajor/Minor Loop Bubble Storage Architecture.

Each minor (storage) loop consists of many permalloy
chevrcns configured in a single continuous path with the
input and output locations at opposite end of the 1loop as
shown. Bubbles are passed from the input track to a minor
loop and moved from storage location (chevron) to adjacent
storage location with each complete «circuit of the rotating
magnetic field. Stored digital data continuously revolves
around the loop while the memory is active, or resides
motionless beneath a storage location chevron when the
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rotating magnetic field is inactive. The major/minor loop
configuration makes each data rubble available at most after
one rotation of data through one of the smaller minor loops
Elus the time to move the bubble alongy the output track.
For a fixed number of wminor loops with a known number of
storage locations per 1loop, the access time of the system
can te dJdetermined from the frequency of +the rotating
magnetic field.

Manufacture cf the memory chip can include fabrica-
tion of a number of redundant storage loops onto the subs-
trate. This increases the yield of useable devices
containing a specified number of operable storage 1lcogs.
During testing, defective locps can be identified and a
"bootloog" code, representing the operational loops for that
specific chip, can ke used during input and output processes
to ignore faulty or untested loops.

5. Data Bubble Eroduction

e Pt

Eresence of a bubble within a magnetic bukbble memory
is used to represent a "one" in digital data information.
Digital "zeros" are represented by the absence of a bhubkle
in a particular memory location. Data delivered to the
pemory in digital form must ke changed into a series of
wagnetic bubbles suitable for storage. Since magnetic
bubbles can only exist within the substrate material, this
transformation must physically occur within the memory cell.

Cne method of bubble production is called nuclea-
tion. A current pulse is tramsmitted into a hairpin shaged
conductor beneath a fermalloy structure which momentarily
creates a region of reversed magnetic potential to that of
the tias field. The resulting bubble is sustained by the
bias field and is available for propagation after the bubtle
is stabilized. This process limits the rate of data input
due tc the current pulse lengths required and time reguired
for the created domain to stabilize.
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The accepted method for bubble production within a
tubble memory cell is through use of a "seed" bukble as
shown 1in figure .9. A pernmanently contained magnetic
bubble revolves with the rotating magnetic field within a
structure as shown. As the bubble passes over the conductor
strip it is elongated and cut by a short current pulse into
two bubbles, one which continues to rotate within the seed
bubble structure and one which is available for propagaticn.
For the cccurance of a "“zero" bit, the bubble is simply not
split.

DO

a N N

BUBBLE _—%  TlL <~
SPLIT SEED \ Y > d ~
-

DIRECTION l RS RN

OF CURRENT > .
PULSE o k.
3\ ‘\\\\\\\\\\\

INPUT ]
TRACK +—

Figure A.9 Bubble Generation for Imput.
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6. Lata Input

As described earlier, the major tracks in the major-
tracks/minor-loop storage architecture represent the fraths
that magpetic bubbles follow when reading information in to
or out of the substrate. Figures A.8 and A.9 show the
kubble generator positioned at the beginning of the input
track. During an input operation the seed bubble is either
split or not split to produce a digital "one" or "zero" for
storage. Bubbles created are immediately streamed onto the
input track and propagate one 1location away from the gener-
ator eaclh external field rotation making room for the next
data bit. As this implies, digital data delivered to the
memory must be configured serially for input. Additionally,
the data must be arranged in "pages" of streams of butbles
and sraces having the same length as the number of available
minor storage loops configured on the substrate. When the
data have completely filled the input track, each bit of
data is positioned adjacent to a separate storage locp. The
entire page is transferred en mass to the minor 1loops in a
single "swap™ operation as depicted in Figure A.10. A
current pulse 1is applied through a conductor which causes
the tubbtle in the input track location to move onto the swap
gate location at the top of the storage loop and sinmultane-
ously moves the bubble previously in the swap gate to the
input track location. As a new page of data is streamed
onto the input track for storage, the o0ld data butkbles
swapped from the storage loops are moved to an area at the
end of the input track known as a guard rail where they are
annihilated. It is important to note that as the data are
rotated about the substrate, data associated with a partic-
ular page maintain the same relative positions within the
storage loops as all rubbles move simultaneously.
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Figure A. 10 Input of Data to a Storage loop.

7. Data Output

At the output side of a minor loop, data to be read
are reproducel from the output storage location by a "repli-
cate gate" as depicted in Figure A.11. An applied current
Fulse stretches and cuts the data bubble in much the same
way as in the seed butble operation, placing the new bubtkle
onto the output track while leaving the original bubble in
its storage location. Since the original data remain intact
and in origyinal orientation within the @memory, the read
operation is non-destructive. The replicate operaticn is
conducted simultaneously from all minor loops resulting in
retrieval of the page of data 1in the same serial pattern as
estatlished during input of the information.

8. Bulble Detection

The resulting stream c¢f bubbles and spaces repre-
senting the read data in page format on the output track is
fed serially through a voltage detection circuit which acts
on the magneto-resistive effect of its permalloy structure.
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Figure 1.11 Output of Data from a Storage Loop.

Presence of a bubble affects the resistivity of the struc-
ture as measured by an applied current. The data bubble is
first passed through a structure which enlarges the bubble
area to increase this effect. The detection circuit is
usually paralleled ty a duamy detector which provides
compensation for resistivity changes attributable to the
presence of the rotating magnetic field. Figure R.12 is a
- representative detection circuit. The microvolt output from
;? the detector representing the stored digital data must be
- anplified to higher voltage level signals wuseable by
external devices.

>, Digital information is arranged in sequences of
B Fages for transfer and remains in page format while stored
[ ’ in a lukble memory systen. The dynamic nature of such a
N system does not retain certain data in any discrete location
but dces wmaintain thte relative positions between pages by
rotating all bubbles around the storage loops simultane-
ously. External systems utilizing bubble memory must be
able to identify =specific pages within the memory and
retrieve the desired page during a read operation. A
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Figure .12 Bagnetic Bubble Detection Circuit.

rarticular bit of information associated with a particular
3 Faje stored within the bubble wmemory cell must Le derived
- from the page after it is retrieved from the systesn. A
X header/tail code could facilitate this process if necessary.
§j For use as a digital recorder, the starting and storping
- Fages for particular informaticn could be stored segarately
to help identify specific recorded information.

10. kemory Cell Components

The term bubble memory "cell" is used to identify a

b * bR

complete component capable of storing and transferring
S magnetic bubble digital information. Figure A.13 shows an
- exploded view of the main comronents that make up an indi-
v vidual memory cell. The entire packagye is usually contained
’ within a structure designed to minimize the effects of the
magnetic fields of the device on other memory coamponents.
This alsc grovides protection of the stored information from
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external electro-magnetic interference or the radiations

which may ke encountered in sgace.

SHIELD

N

PERMANENT
MAGNET

~

con

COiL

SUBSTRATE

“¢—— PERMANENT
MAGNET

Figure A.13 An Exploded View of a Memory Cell.

B. BEBOBY CELL REQUIKED SUPPORT

Figure A.13 describes the main components that rake uf a
pemory cell capable of storing and transferring digital
information in the form of magnetic bubbles, however this
capability requires many of the processes to be initiated
and controlled externally. Figure B.10 is a block diagram
of a generic magnetic bubble umemory system and identifies
the major functions provided to a bubble memory fcr proger
operation. Most of these functions were identified in the
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description of the memory cell and the following subsections

X address these fuucticns in a general sense as a summary of
fw' rejuired memory cell support. Chapter 2 anl appendix B
o present the Intel Corg. components which perform these func-
2? tions specifically in the Intel-designed systen.
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5 Pigure A.18 Bagpetic Bubble Memory Required Systess.
o 1. Current Pulse Productiop

f? Current pulses are used by a nuaber of components
v!L within the cell. Bulble generation, replication, and swvaps
o rejuire separate current pulses at precise times for froper
-\.

-y read and write operations and current pulses to the perpen-
ﬁ; dicular coils control bubble movement within the sutstrate.
t‘ 4

IR
st

Se e
S
PLI

o0 ]
[o:]

L e e
Ry

LI PR TN A

IR SIS A ;,Ei
AT S, S ) NS N LY




......

LAY

r
v

A, v
AL LR

Current aust also be provided to the detection «circuit in
order to measure tle magneto-resistive effect of bublLle
rresence during a read.

2. Ipput/Qutput Formatter

Digital data must be arranged into sequences of
pages for input to the bubble memory. Also, detected micro-
volt levels must be amplified and rearranged into the orig-
inal fpage format for output.

3. Ccntroller

Timing and control of the signals supplied to the
memory cell by the support components is the most critical
aspect c¢f nmagnetic Ltubble memory operation as described.
The write operation is a specific exanmple. It must bhe
reaemlered that wvhenever the coils are activated, all
bubbles within the system move one location each complete
field rotation. Bultle generate pulses aust be sent at the
precise time to arrange the bubbles in proper sequence on
the input track. The page of locations in which the infor-
mation is to be stored must be identified relative to the
octher storage pages and the locations must arrive at the
swap gates at the same instant the bubkles on the input
track are aligned with their storage 1loops. The output
process 1is similar in timing requirements and sigpnal
contrcl.

Such a complex system requires a separate ccntrcller
component to coordinate the operation of the memory cell and
its associated support components ani to provide an inter-
face to the external system wutilizing the magnetic bubble
nemory.
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. APPENDIX B
INTEL CORP. MAGNETIC BUBBLE MEMORY COMPONENTS

This appendix describes the Intel Corp. components which
are the building blocks used to create the magnetic bublkle
. memory recorder systems descrilted in this paper.
N The appendix follcws the format of Chapter 2 but pres-
o ents the components in more detail iancluding chip pin-out
signals and internal configurations, if applicable.
o This thesis was initially based on the operation and
- capabilities of components as described in the information
fﬁ availatle in early 1S84. Since then, several anomalies have
{ teen identified with the existing systea.
g Testing of the 7114 MBM chips included identification of
QZ enough storage loop fpairs to produce the required 8192 to
3; meet design specifications. Pairs of loops vwere regquired
N due to the fact that the bootloop code stored in each half
of the memory chip associated one bit with two storage
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loops. This was necessitated by the limited space available

; in the FSA bootloop registers. This bootloop coding schenme
] limited chip producticn enough to coavince Intel to consider
- re-designing the system to allow a one-for-one coding by
i increasing the availakle space within the registers.
e An intermediate fix involving additional hardware was
I develcped by Intel and information describing these changes
ff was received early this year. The BPK 5V7S5A prototype kit
N systeas currently available incorporate an External Added
: Redundancy Scheme (EARS) to act as an extended bootloop
‘j register. An external EPROM, two FSAs, and a significant
%f amount of circuitry are required per bubble mnmemory chip to
v allow the one-for-one bootloop coding. Need for the addi-
3% tional hardware 4increases the complexity of the system as
:Z: 90
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well as the size and power consumption, adverse trends for
use in space-based <systems attempting to minimize these
factors.

To resolve the ancmalies, Intel Corp. is redesigning two
of the existing components and plans release of these chips
later this year. Specifically, a mnew 7225 bubble memory
contrcller chip will replace the 7224 BMC and a new 7245
formmatter/sense amplifier <chip will replace the 7244 FSA
which will alleviate the need for the additional hardware
and offer other benefits as well. These components have
been designed to integrate with the remaining original
elements of the system and the general descriptions given in
Chapter 2 apply equally to both generations of components.
However, due to the lack of specific information now avail-
able, component descriptions of this appendix do not include
the 7225 or 7245 chips. 1Instead, the existing 7224 BMC and
7244 FSA chips are described and differences expected from
use of the new chips mentioned. It must be pointed out that
the hardware interfaces associated with the new chips may be
slightly different than the existing components. Systen
schematics within this paper are based on the existing chips
and may require modification when the new <chips are intro-
duced. However, the signals prcvided to the remaining system
elements must be the same as with use of the old <chifs so
the change may turn cut to be internal in nature and trans-
parent to the system designer.

A. TBE 7118 HAGNETIC BUBBLE MEMORY CHIP

Pigure B.1 identifies the 7114 magnetic bubble menmory
(MBM) chip pin-outs ard associated signals. Table 10 gives
a short description of each of the pin-out signals identi-
fied in the figure including signal origin or destinaticn.
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Figure B.1 71143 Bagnetic Bubble Memory Chip Schematic.

The 7114 aagnetic bubble memory (MBM) chip contains the
substrate material in which magnetic bubbles are produced
and stored, the permalloy structures which determine bubtle
location, the permanent magnets which ensure bubble
stability, and the rerpendicular coils which control bubtle
zovement.

1. CLata sStorayge Configuration

Figure B.2 shows the data storage coanfiguraticn of
one half of the memory cell. Each half system is composed of
four ‘"octants"™ of @memory areas with permalloy structures
configured in the major-track/minor-loop storage architec-
ture. Each octant Las its own seed bubbtle generator, input
track, and output track. Detector circuits are shared by
pairs of memory octants.

Each octant has 80 storage 1loops resulting in 640
total locps per chip. During the manufacturing process each
loop is tested and 540 perfectly operating loops are identi-
fied. Of these, 512 are used for data storage, 28 are used
to hold error correcting codes appended to the information
stored within the memory, and 2 contain bootloop information
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identifying the useable loops.
identify the

A single bootloop is used to
operating loops within one half-systen. The
remaining non-identified 1loops are either defective
used and are masked Ly the bootloop code.

or not
This redundant-

loop marufacturing process increases the yield

devices.

of useatle

Each storage loop is made up of 8192
structures including

permalloy
the input and output locations. This
results in a single-chip user storage capacity of 4,194,304
rtits (four megabits) c¢f digital information.
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Figure B.2 Intel 7114 Bubble Memory Chip Data Organization.

2. TCata Input/Output

) In figure B.2 the left two octants are labelled
EARLY and the right two labelled LATE. Two bubble generate
signals are sent to each half of the memory chip each rota-
tion of the external rotating field, the presence of a
binary "“ore" to be represented by generation of a magnetic
tubble for storage with absence of a bubble representing a
tinary zero. The first signal operates both bubble genera-
tors of the EARLY fair of octants creating two identical
streams of bubbles and spaces along the 1input tracks. The
second generate signal operates the LATS pair of generators
one half rotation of the external field later. Storage
loops, and their associated swap gates, are spaced every two
propagation locations along the input track. Data on the
input track of one of the pairs of octants is delayed by cne
field rotation placing the odd bits at the swap gates of one
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ff octant and the even bits at the swap gates of the cther
octant within a pair. A single current pulse swap signal
operates all swap gates in the memory simultaneously. The
duplicated bits on the input tracks not associated with a
swap gate, and the cld data Lits swapped out of the memory
and onto the input tracks, proragate to the end of the input
tracks as new data is generated. The end of the track is a
"rail guard" where these unused bubbles are annihilated.

%40 loops are used to store data within the bubble
memory chip. 512 bold information sent to the memory for
storage, and the regaining loops contain 28 bits of error
correcting code appended by an external device to every
rlock of data input fcr storage. Data must be arranged in
512 bit blocks ("pages") for each input operation and the
data streamed onto the input tracks properly to coincide
with the desired storage loop locations.

The output process is performed similarly. When the
desired data page is rotated under the replicate gate loca-
tions, a signal to the memory chip simultaneously regrroduces
the data onto the output tracks of all the octants. Storage
loops are spaced everv other location along the cutgput
track, so the data of each pair of octants is merged
together to before being delivered to the shared detector
circuit. The magneto-resistive detector circuit voltage
signal is sensed by an external device which reconstructs
the original serial configuration of the data.

3. Bootloop

Each half system in the nmemory chip contains a
storage loop dedicated to preserving the information wahich
identifies the operating storage loops in that half systen,
and synchronization data used to determine the relative
position of the pages of stored information. This d~ta is
loaded into the dedicated loopr after the 540 operating loops
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are identified during the manufacturing process. The infor-
mation is used by the support components in configuring the
data correctly for input and reading the data correctly
during output as wvell as keeping track of the rotating data
Fages.

B. TBE IBTEL 7250 COIL PRE-DRIVER CHIP AND 7264 COIL LCRIVE
TEARSISTORS

Using timing signals from the bubble memory ccntroller,
the 7250 coil pre-driver (CPD) chip produces high current
outputs to the 7264 coil drive transistors (CDT) to form the
triangular waveforms which drive the perpendicular coils
around the 7114 MBM and establish the rotating magnetic
field for magnetic bhulble movement within the cell.

1. 1250 Coil Pre

Figure B.3 identifies the 7250 coil pre-driver (CPD)
chip pin-outs and associated signals. Table 11 gives a
short description of each of the pin-out signals identified
in the figure includirg signal origin or destination.

e 16 | ) voo

1374 ERERLY S R TX-N
xeinl]s " }Jxoout .
oiw[Ja 7 1317 x-0ur
yeinl]s % 12 ) x-out
voan(]e nljveout
v.our(]? 10 veout

ono( ] sfyv-out

Figure B.3 7250 Coil Pre-Driver Chip Schematic.
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P 14, 15 Orving the Qates Of the 7264 transistors

Ae CUT whith in turn drive the X Cous of the Lubble

¥y . OUT memaory

Ye it Y- N 56 Tola BWMC Active 10w 1nDuts from Controiter which turn on
the Migh culrént ¥ outpuls

y-Cut 79101 7204 rQR-CutIent Dulbuls AN INE COMPIeems

Yo OuT 101 Qriving the gates of the 7264 transisiors

Y. ouT wnChan tuin Jrive the Y COits Of the pubbie

<
Yo OUT memory

2. 7264 Coil Drive Transistors

. Figure B.4 dericts the configuration of one

{CDTs)

set of

four matched 7264 coil drive transistors and the

associated signals. Two such sets of transistors are
required to drive bcth of the perpendicular coils which
surround the substrate material within the 7114 MBM. Takle

12 gives a short description of each of the signals identi-

fied in the figure including origin and destination.

, y C. THE IBTEL 7234 CURRENT PULSE GENERATOR CHIP
%
:5 Figure B.5 identifies the 7234 current pulse generator
- (CPG) chip pin-outs and associated signals. Table 13 gives
g! a short description c¢f each of the pin-out signals identi-
Ei fied in the figure including signal origin or destination.
%
;
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Pigure B. & 7264 Coil Drive Transistor Schematic.

Using timiny signals from the bubble memory controller and
generate signals frcm the formatting device, the 7234
current pulse generator (CPG) sends current pulse signals to
the 7114 MBd which perform the generate, swap, replicate,
and becotloop functions during read and write to the memory.
The 7234 also monitors both the 12 volt and 5 volt d.c.
supplies to the system and produces a power-fail signal to
the memory controller if either supply exceeds its threshold
values.

D. THE INTEL 7248 FOREMATTER/SENSE AMPLIFIER CHIP

Figure B.6 identifies the 7244 formatter/sense amplifier
(FSA) chip pin-outs and associated signals. Table 14 gives
a short description <¢f each of the pin-out signals identi-
fied in the figure including origin or destination.
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TABLE 12
7268 CDT Pin-Out Signal Descriptions

7264

Four matched pair of N- and P-channel tran-
sistors In industry standard T0O-220 Discrete

packaging. ‘
! PIN 1 — Gate
PIN 2 & TAB — Drain
PIN 3 — Source
Symbol I Pin No. [ "o L Source Destination ] Description
N-Channsl
G 1 [ 72%0 Gate Drive Signal
D 2 o} T1t4 Coul Drive Current
S k] | Grouna -
P Channel
G t 1 7250 Gate Drive Signal
o] 2 o T4 Coul Drive Current
S 3 | Ground -
voe (] = v
il 1] JPRR FRT "
ey ] }mern
SINEISB( e 1w joene
CINERA(]Y e jcena
AN ] 1] ]war
119 L wilrern M
KB NG ]o 1l jagea
$IBLIEES (] 1] Jocor swas
BOGT EIN(C )10 13 J8cot AeP
[ @ Al 1211cvo

Pigure B.5 7234 Current Pulse Generator Chip Schematic.

As the name implies, the 7244 formatter/sense amplifier
performs a number cf functicns concerned in the data
transfer within the systen. Figure B.7 shows a Llock
diagram of the internal configuration of the device.
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TABLE 13
7238 CPG Pin-Out Sigmal Descriptions

Symbol PinNo | 4O Source/Destination Description

B8OOT EN 10 [ 7224 BMC An active 10w input enapiing the BOOT REP output "
current puise.

B80O0T REP 13 0 7114 MBM An output providing the current puise for bootstrap
100p rephication in the bubbie memory

800T SWAP 14 fo] 7114 MBM An outputl providing a current puise which may be
used tor wnhing data into the bootstrap 1009

B8OOT Sw EN 9 | . 7224 BMC An active low input enabiing the BOOT SWAP out-
out current puise

cs 7 1 7244 FSA An active 1ow 1nput for seiecting the chup. The
cnip powers down during deseiect

GEN A 18 o 7114 MBM An output providing the current puise for writing
data into the "A” quads of the bubble memory.

GENB 19 o] 7114 MBM An output proviaing tne current puise {or writing
adatainto the "B quads o! the bubble memory

GENEN.A 5 ] 7244 FSA An active low input enabling the GEN A output
current pulse

GENENB 4 i 7244 FSA An active iow 1input enabhing the GEN B output
current puise R

PWR FAIL P3| o 7224 BMC An active low. Open coliector output indicating
that either Ve Of Vpp 1S below its threshold value

REFR 20 | External Resistor The pin for the reterence current generator 10
which an external resistance must be connected

REP A 15 [s] 7114 MaM An output providing the current puise tor reptica
1100 of data in the ~A” quads of the bubble -
memaory

REPB 16 o] 7113 MBM An output providing the current puise lor replica-
tion ot gata in the "B quads of the bubble
memary -

REP EN 8 1 7224 BMC An active low input enabhng the REP.A ana REP B
outlputs

SWAP 17 (o] 7114 MBM An output providing the current pulse 1or exchang-

1ng the dala between the INput track and the
storage 100p$ in Ihe bubble memory

SWAP EN 6 ' 7224 BMC An active low 1npyt enabling the SWAP output

™ A 2 t 7224 BMC An active low timing signal determining the cut
puise wiatns of the BOOT REP, GEN A, GEN 8,
REP A and REP B outputs

™8 3 1 7224 BMC An active low timing signal determining the
transter puise widths of the BOOT REP. GEN A.
GEN B REP A and REP B outputs

The FSA is a dual-channeled device with one channel
corresponding to one of the half-systems of four octants in
the 7114 MBM storage schene. The bootloop information is
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Figure B.6 7288 Formatter/Sense Amp Chip Schematic.

stored in a bootloop register to identify the oferating
loops within the corresponding half-systenm. Each channel
also has a first-in/first-out (FIFO) register used in data
transfer to and from the bubble memory. Each FIFO holds 270
Lits cf which 256 represent half of the 512 data Lits per
Fage reguired for each transfer process. The remaining FIFO
spaces hold a 14-bit error correction code appended by the
FSA to each 256 bits of data input for storage to the
respective half-systen.

The FSA also contains an internal status register which
is used to communicate the status of the FSA FIFO or infor-
maticn ccncerning ericr correction capabilities or types of
detected errors.

The serial communications block serves as the interface
to the bubble memory controller. The DIO 1line is a
bi-directional serial bus which transfers data and commands
between the FSA and the controller. These functions are
differentiated by the signal level of the commandsdata (C/D)
line from the bubble memory controller. Commands are sent
to the FSA from the controller as one of the four bit words
descrited in table 1%, These coamands are sent to the FSA
automatically by the Lubble memory controller to conduct the
operation regquested Lty the external system. No direct inter-
action is required by the external system in sending the FSA
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72488 FSA Bin-Out Signal Descriptions

Description

Commana.-Data signal Thus signai snail cause the
FSA to enter a receive command mode when nign
and 1Q intergret the senat data hne as gata wnen
Iow Any greviously dctive command will be im.
mediataly terminatea by C 0

Same TTL-'ever crack used IC generate nternat
tmirg as used tor 072241

An actise Iow Sigral used ‘or muitipiening of
FSAs The FSA s disabied wnenaser C§ 1s high
e it presents a mign smpedance 1o the bus and
1gnores ali bus aCtrvity)

Qutput gata trom the FIFQ to the MBM generate
Citcurtry Used to wnite data nto the dubble aevice
active tow:

Ditterentiai signai lines trom the MBM getector

The Senat Bus data line (a bidirectional active hugh
signan

TTL tever outputs utthized as chip seiects tor otner
intertace circuits They shail be set and reset by
the Commang Decocer uncer instruction of the
Contrciter tactive 1ow)

An error t1ag used to interrupt the Controller 10 in-
dicate that an error condition exists. It shall be an
cpen grain active low signdl

An active low S:GNatl that shdi reset ail flags and
pointers in the FEA as well as Jisapiing the chio
as tre CS signal gqoes Tne RESET pulse wiath
must be § clock penoas to dssure the FSA s pro-
certy reset

An inpyt utiized tor time division Multiplexing An
active 10w s,gnal whose presence (nJdicates that
the FSA 1S 1O send of recerve aata trom the Senal
Bus Juting the rext twO ClOCK Penods

The SELECTTIN puise delayed £y twa clocks It
$hall be connected to the SELECT IN pin of the
rext FSA it.s deiayed by two ClOCKS Decause the
FSA s a guai chancet gevice Channet A shait in
ternalty pass SELECT IN 1o Channel 8 (delayed by
one Clockl

TABLE 14

Symbol Pin No. | 11O Source:Destination
cD 3 ) 7224 BMC
CLK 18 | Cluch
s 1 1 Externdt

A3 ()T A
DATACuUT 8 1,12 (o} 7234 CPG
DETA+ CETA-|6.7 8 9| 1 71138 MBM
DETHe DETH-
DID 17 [Ho] 7224 BMC
ENABE X 314 {0 7234 CPG.7250
ENABLE B
ERRF.G 4 [o] 7224 BMC
RESET 16 1 Power Fa.i Circunt
SELECT 1IN 19 | 7223 BMC
SELECT Oul! 2 (o] 7284 FSA
SHIFT CLK 15 i 7224 BMC

A Controlier generated C10ck $ignal that shatl be
used to clock gata out of the bubbie 11O Output
Larch to the budbtie Mmodule gurnirg a write opera-
tion and to cause bubble signais (o be converted
by the Sense Amp ana ciocked into the Bubble (/O
input Latch on a read

comman¢ codes or any other of the bubble

contrcl signals.

102

memory operating




T Ty w

a2 aa, t 0t .o LT, Ut}
PRI N r‘r.-.r . o ‘
PP PP e S

i o
ot
w8t

.

I,

. A'.T
G

TR T YT VT ey oy
RSB e ok d St fnia aand sns SiLA St oo sihs 2 d-aed- gl i~ nd~ e e - ai o Mttt S ke A B o Ao

FETTTE YR W R M LYY

[ )
CONTICL — !
r NTEHA DATA LS A l
L0 d !L
v ‘ [ ) Vv T
. 4, ¢ ]
P 7
T
‘ «
S | L0 [ 7NN . _
AICHES wicntg | AS
] Sala oW A
C o [T} o1 a-
SEEC N - Nwall —Cfta
LT Tt et 1L 1 ] commmno tnANE 4 !
POAS ——{f COMMUN-_ANONS 4L O0te o ~
o0 =t = thAMI D e T~ }
|t (e
witeaCt P i
4 p— Cata QUi g
§
AAS i ' 0 L o LhE- Yo
WAICHES CAICS H
i ! ’
l LI i l
—-J ™o
' ! |
, [ ‘ i l
| AV
]
P e DB
i i' l "—J ! !
] i Cod ! ’ !
. ”ron e i
L_J e RS —?.——.—4 l |
1 .
L.Jﬂ?:ﬁ:-u__ ] __l_J | ‘
[ %] ~ 1 H
Clmvx | I J

Figure B.7 7244 Formatter/Sense Amp Imternal Block Diagraa.

.

E. TBE FOUR-NMEGABIT KENORY NODULE

The components described above are combined to form a
magnetic bubble memory "module"™ capable of storing up to
four-megatits of digital information. This module represents
the smallest building block component on which designs of
larger capacities and capabilities may be built.
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™ TABLE 15

S FSA Commpand Codes

.

S NAME CODE

' No Operaticon Vg 17,
Reserved QA1
Software Reset QY10
Irniti1alize a1l
Write MEM Data , Q109
Read MbBM Data Q121
Internally Corrected Data @110
Read Corrected Data Q111
Write Bcotloop Repgister 192
Read Boctloop Regaister 1201
Reserved 1310
Reserved 1011
Set Enable Bit 1120
Read ERR.FLG/ Status 1101
Set Correction Enable Bit 1110
Read Status Register 1111

F. THR 722% CORTROLLIER v

Figure 8.8 identifies the 7224 magnetic bubble memory
contrcller (BMC) chip pin-outs and associated signals.
Tables 16 and 17 give a short description of each of the
pin-out signals 1identified in the figure 4including signal
crigin or destination. ‘

The 7224 contrcller is designed to coordinate the
efforts of the support components for proper operaticn of
the 7114 MBM chip. The controller provides the support
chips with the timing signals critical for controlled move-
ment of the bubbles within the chip, proper creation and
sequencing of bubbles for input, and for timely production
of swap and replicate signals as required for data input and

cutput from the memory storage loops.
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Figure B.8 7228 Butble Nemory Comtroller Chip Schematic.

The controller also serves as the interface between the
memory system and external systems utilizing the memory.
Based on ccnmands received from the external system, the
bubLle memory controller automatically generates the
required signals to the support conmponents to condact the
. requested operation, with no further action required by the
external system other than to provide or accept data fronm
the memory system at a known rate.

A single bubble memory controller is designed to centrol
up to eight bubble memory chips simultaneously.

1. 1224 BMC Internal Configuration

- —— e

The internal configuration of the bubble memory

contrcller is as shown in the block diagram of figure B.S.

‘ The functions of the individual sections are briefly
described.

a. Sequencer

The execution and timing of memory operations is
coordinated through the sequencer.




TABLE 16
7224 BEC Pin-Out Signal Descriptionms

Signal Name Pin No. 10 Source/Destination Description

Voo 40 t +5VvDC Suppiy

GND 20 \ Ground

PWRFAIL 1 | 7234 CPG A low torces a controned sicp sequence and hoias
BMC 1n an IDLE state isimuiar to RESET)

l

ESET OUT 2 [o] 7250 CPD 7234 FSA An active tow signal 1o a:isable external logic
72:4 Reterence initiated by PWR FAIL or RESET signals. but not
Cutrent Sastch active until @ stopping point 1n a lield rotation 1S
reacned 1t the BMC 1s causing the bubble
memory anve field 1o be rotated)

o

mnest Bus 2 MH2 TTL tever cioch

[}
P
>
w

|
|

p
[
-
-~

Host Bus A jow On this pin forces the interruption of any
BMC sequencer activ i, pertorms a controlled
shut-down and iniiates » reset sequence Atter
tne reset sequence s conc. ."ad alow On this pin
causes a low on the RESET OUT pin. turthermore,
the next BMC sequencer command must be either
the Iniialize or Aport command, all other
commands are ignored

RD S ) Host Bus A 10w ON 1his pin enables 1he BMC output data to
De transterred 1o the host data bus (0x-Dg)

WR 6 | Host Bus A low ON this pin enables the contents of the host
Qdata bus (D Dy 10 De transterred to the BMC.

UACK 7 [ rost Bus A iow Signal 15 a DMA acrnowieage This
notties the BMC that the next memory Cycle 1s
avacabie 10 trarster data This line should be
active oniy wnen DMA transter 1s desired and the
DMA ENABLE bit has been set CS should not be
active during DMA transters except 10 read status
1t OMA 3 not used, DACK requires an external
pultup 10V, (5 1K onm)

DRQ 8 (¢} rost Bus A high on this DJin indicates that a gata transter
between the BMC and the nost memory 1S being
requested

INT 9 (¢} Host Bus A 115,03 edge an thus Dinrdcates trat the BMC nas a
new S1atus ana requires serv-cing when endbted Dy
tre nost CPU

. Ag 10 ! Host Bus A high on this pin selects the commandrstatus
registers A (ow on this pin seiects the data
reqister

0y Dy 1118 [He} Host Bus Host CPU aata bus An eight it Didirectional
port which can be read or wntien by using the
RO and WR strobes Dg shatt be the LSB

Dg 19 'Q Host Bus Parity bt
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r. System Bus Interface

The system bus interface allows the Dbublble
memory cocntroller to interact with an external system to
ensure transference cf data to and from the memory system at
the rate which is set by the number of memory modules Leing
accessed simultaneously. The 7224 BMC 1is capable of
sustaining a transfer rate with an external system of up to
one-megatyte per seccnd which is wmore than adequate for all
Fossible system operating configurationms.

c. FSA Select Logic

Timing between the controller and the FSis is
accomfplished through this logic. Multi-memory nodule opera-
tion differs significantly frcm single module operation as
was described in Chapter 2.

d. Powerfail, Abort, Reset Logic

To preserve data inteqgrity within the 7114 MBM
the system must be shut down in a known manner. In the case
cf a power failure or a commanded abort/reset, the shut-down
routine is activated Lty this section of the controller.

€. Register File

Six registers are accessed by the external
system to prepare tbhe system for the up-coming ofperations.
The registers specify the operation to be conducted, the
amount of data to ke transferred, the bubble cell to be
addressed, and the method to be used in the transfer. A

s
-‘\'i'l l.l

register is also used to report the status of the operation
- and the cccurance cf any errors or coamplications.
of . Operation of the bubble memory system requires

A fregquent interaction with the BMC registers as was descrited
ig in Chapter 3.




TABLE

7224 BAC Pin-Cut Signal

17
Descriptions (cont.)

Signat Name Pin No. o

Source/Destination

Description

cs 2 i

Host Bus

Chip Setect Input A hign on this pin shait disable
the gewvice o all but DMA transters (1 e . 1t ignores
bus activity and goes nto a h:gh tmpedance state)

oo 22 10

7244 FoA

A Digrectional dctive mign data hine that snail be
used 1or senat communications with 7244 FSA
Jevices

fC3dFCA

An active «Ow duldut utiled 10 Credte ume
JivISION Muitipiesing S101S in 4 7244 FSA chamn 1t
$han diso dicate the beqinming of 4 gdta of
SOMMANg transter Detween BMC and 7244 FSA

SHIFTCLA 24 (o}

’l44 FSA

A controlier generated clock that inihates aata
transter between setected FSAsS ang ther
corresponding bubble memory devices. The timing
of SHIFT CLK shail vary depenaing upon whether
data s being read or wntten to the bubble
memory

BUS RD 25 (o}

To User External
Cicunt

An active low s.gnal that inaicates that tne DIO
line 15 1n the output mode. 1 e . BMC is sending
data to FSA It shatl be used 1o allow off-board ex-
pansion Ot 7244 F34 tewices

VeAIT 26 [Re]

To Aiternate
Controtiens)
when User S,stem
Uses More Than
One Cuntroiler

A bidirectional pin that shail be tied to the WAIT
pin on other BMCs when operated n parattel it
shall indicate that an interrupt has been generated
and that the other BMCs snould nait in
synchronization with the interrugting BMC WAIT is
an open cotlectar active low signal Requires an
external puilup resistor to vV . (5 1K ohm)

ERRFLG

7244 F3A

An active ILw " Zut Get=rated externai, Dy

7244 FSA indicdating that an errsr cona.hion

exists 1t 15 an open coltector input whiCh requires
N etRINal pullud resIs1or (5 1K ohmy

DETON 28 Qo

To User Externat
Circint

An active 1ow signat that indicates the systems
1N the read mode ana May be detecung It 1S useful
tor gower saving 1n the MBM

O
O
2
[o]

7234 F3SA

A Migh on this Iine inaicates trat the BMC s
beginning an FSA command sequence A low on
this line inicates that the BMC s beginning a
Jdata transrmit or feceive sequence

BOOT SWEN 30 (o}

7233 CPG

AN active 1IGA Sigildl Whch Mgy Se used tof
»ngbiing the BOOT SWAP of the 7233 CPG

SWAPEN kY] o]

7233 CPG

An active 1ow signal useq 1o create the swap
tunction in external circuits

B0OOT EN kr o}

7234 CPG

An active low signal enabiing the bootstrap loop
replicate function in externat circuitry

REP EN 3 0

7234 CPG

An aclive 10w signal used to enable the rephicate
function in external circuitry

M B 3 [e}

7234 CPG

An active low timing signal generated by the
decoder logic tor deterrmining TRANSFER pulse
wiath

-
E<
»|

35 o)

7231 CPG

An active low timing signal generated by the
decoder logic for aetermiming CUT putse width

36-39 0

X

'

>
)
x
+

7250 CPD

Four active Iow timing signais generated by the
decocing logic anad used to create coNl drive
currents in the pubble memory device
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Figure B.9 7224 BMC Internal Configuration Block Diagras.

f. FIFO

The FITO is a 40 x 8 bitS first-in/first-out RAM
used as a data buffer between the bubble memory and the
external systenm. Data is transferred between the BMC FIFO
and the FSA FIFO at a fixed rate which is multiplied by the
number of FSAs within the system. The average data transfer
rate to a single memcry module is 16 kbytes per second.

. SThe FIFO in the 7225 bubble aemory controller is to be
increased ug to 124 x 8 bits.  This “equates to two full
gingle bubble memory pajes. This improvement should make
data transfers easier t0 acccaplish and will protect the
system from errors due to timing differences between the
%ggble memory and tle external system better than the 7224
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gJ. Signal Decoder / DIO

Signals to the bubble memory system must cccur
at specific times in relation to the rotating magnetic field
which corresponds to bubble position within the memory. This
functional section of the controller contains the 1logic to
create these timing signals. This section also performs the
serial-tc-parallel and parallel-to-serial data conversions
required to communicate with the 7244 FSA over the serial
DIO line. Finally, this section also contains the logic to
encode/decode the bootloop information for use by the FSA.

Figure A.14 is a circuit diagram of a coaplete
magnetic bubble memory system composed of the ccmponents
descrikted above, cafpable of storing ur to four-megabits of
digital information.

6. BUITIPLE HODULE SYSTEM CONFIGWRATIONS

A single 7224 bukble memory controller is capable of
operating up to eight memory modules simultaneously. Figure
B.11 shows how the system as depicted in figure B.10 is
expanded to incorpcrate multiple magnetic bubble amemory
modules.

The renefits of multiple =module operations is presented
in Chapter 2 and will not be repeated here. However, the
method of communicaticn between the bubble memory controcller
and the multiple FSAs servicing their respective gemory
modules is discussed in the next subsection.

1. BMC - FSA Communications

Pigure B.12 highlights the interconnections between
the BMC and multiple FSAs to help explain the method of
communication between the bubble memory controller and
aultirle memory modules.
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Figure B.12 BMNC - FSA Coammunications.

In order to share the same DIO serial comaunication
line tetween the BMC and the PSAs, communication must be
established with each FSA individually to avoid ccntention
over the single line. This is done by passingy an enabling
signal froa FSA to FSA via the chip "select in" and chip
“select out" lines. Commands and data sent over the single
DIO 1line are differentiated by the signal 1level on the
conmand/data line shared coamonly by all PSAs in the systea.
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a. ZEstablishing communication and commands

Figure B.13 is used to explain multiple module
accessing and coamand by the bubble memory controller.

o croct - wcL0ck o -+ m cuocn o008 ——y
eocs UL VLWL U U UL U UHUUUY UL

e | 1

=] - - 1
v __ LOCOOCCCO _LOCA /58800000 UNINSSS 00 S
[T ADDG‘:S;':OQO__J . °;:'_‘:' [T su;u.n":.o-o____l l____“:‘.::‘__|

ROTE STATUS PO il OMLY PRESENT ON BuUS FOR THE RLAD STATUS COMMAND BAOUENCL

Figure B.13 Access and Command of NMultiple NMemory Modules.

To establish commurication, the BMC indicates
"command"™ by a high level signal on the commands/data (C/D)
line, rulses the first FSA ‘"“select-in" line (SYNC as shown
in the figqure), and sends a 16-bit address word serially
over the DIO. Each pair of address bits corresponds to a
separate memory module FSA; the first two bits correspond to
the first FSA in sequence, the next two bits to the second
FSA, e€tc. The gmaxisum number of FSAs and menory modules
that may be addressed by the buktble memory controller there-
fore is eight.

The first FSA delays the SYNC signal by twe BNMC
clock cycles and then repeats the pulse on its own «chip
"select out" 1line which is connected to the following FSA
chip "select in" 1line. During these two clock cycles, the
FSA is enabled and 1lcoks for two high level pulses on the
DIO 1line. If the pulses are received, ccmmunication with
the module is requested and the FSA stands by to receive a
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four-bit command when the C/D line is lowered indicating
data. If two T"ones" are not received them that module is
not involved in the up~-coming operation and remains on
standby. Elements within the standby module are not enabled
by the FSA and ignore timing and other signals from the BMC
on the other common 1lines.

The SYNC pulse is delayed two clock cycles
within each FSA before the signal is passed on to the next
sequential msemory module. The C/D line is held high for 20
clock cycles no matter how many aodules are in the system or
how many modules are to be addressed. 20 additional clock
cycles are allocated after the C/D line is 1lowered for the
BMC to send out the four-bit command code amnd, if the
command is to check the FSA status (only one module can be
addressed at a time for this operation), to receive the
eight-tit status word from the addressed FSA. It is after
this pcint that data may be transferred between the BMC and
FSAs in the method described next.

Note that the four-bit command codes sent by the
BMC over the DIO are read simultaneously by all enabled FSAs
vhen the C/D 1line is lowered. This indicates that all
enabled modules perform the same functions when operating in
parallel.

(1) Multiple Module Data Irapsfers. Figure
B.14 depicts the timing involved when the received ccamand
from the BMC calls fcr data transfers. The SYNC pulse on
the first PSA chip "select in" line enables it to access the
DIO 1line, Since this signal is delayed two BMC clock
cycles, only two bits of data are transferred with a single
module each BMC SYNC rulse. The SYNC pulse is daisy-chained
down the 1line of FSAs and the BNMC correlates bits in
sequence on the DIO line to the enabled FSAs. A new SINC
pulse is sent out by the BMC every 20 clock cycles until at
least one "page" of data has been transferred betvween the

11¢




> - CRNE 20 Al e -1 = T e e w Lo e O USRS T TR T T T LT LT AT W T e 44 P e T T e Te e TRy
a’ w e N &R SO T e - P - . A . B -

)
I‘:Q
3
Y BMC and each FSA invclved in the operation. This set tiuing
Eﬁ scheme establishes thke data transfer rates and reguired page
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B. OFERATING LIMITATICNS AND REQUIREMENTS

This section will outline the operating limitations of
the Lubble aemory system and describe some of the systen
requirements includirg recommended support circuits.

1. Cperating Limitations

Table 18 lists some of the operating limitations of
the 7114 magnetic butkle memory chip.

Figure B.15 depicts a voltage regulation circuit
used by Intel on the BPK prototype kit. Intel recomrzends
:ﬁ; that owulti-module configurations, such as described in

by 2. Joltage Regulator Circuitry
-
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TABLE 18
. 7114 Atsolute Maximuam Ratings
:~': Operating Temperature . ... 10°C1055°C Case
" Relative Humidity . . .. . ... 95%
Sheit Storage Temperature tDala |megmv
- Not Guaranteed). .. . ~55°Cto +125°C ‘COMMENT Siresses aDove those Iisted under “Adsolute
- Voitage Appuned to DET SUPPLY . 14 Voits Max.mum Raings may cause permanent camage to tne
~ Vottage Appied to PULSE COM . 1dvolts Osvice This is @ Stress rating oney and tunctioral opera-
- Continuous Current petween DET COM ang 131 0f the gevice al Inese or any Other CONaIONS aLove
-, Detector Outputs ... ... .. ... 20mA I"0ose ing.carec (n tne oderar.onal sections of th's
<. CoitCurrent. .. .. ... ........ .. 0SADC. scec.1:canon 1s not 1mphed Exdosure 10 absortute mas.-
- External Magnetic Field tor mum ranng cona:tons 1or extenaed periods may atect
Non-Volalile Storage . .... .... 20 Oersteds oevice rgnapiity
Non-Operating Hanaiing Shock
et (without socket) .. ... . . . ......... 200G
) Operaung Vibration (2 Mz 10 2 KMz
’ withsockety ...... .. ... ......... .. 20G
,k Chapter 2, should include one voltage regulation circuit per
- memory kocard. The regulator circuit is intended to maintain
. the vcltage supplies within tolerated limits which are +5V
- DC (+/- 5%) and +12V LC (+/- 1%).
- 3. Powerfail Circuit
. Figure B.11 depicted a powerfail circuit associated
t
3 with the bubble nmemory system. The circuit is designed to
7.", . . .
o detect if either of the required power sources fall Lemeath
- the low-end margins for operation (~5% on the SV supply and
N -1% on the 12V supply). The circuit assists the 7234 CPG
-". - L3 - (3
% - which provides the pcwerfail signal to the bubble nmemory
i contrcller to shut down the system in a manner which
- preserves data integrity.
2 The circuit also contains storage elements to main-
- tain adequate power for proper system shut-down, and a
= rowerfail signal delay circuit to prevent powerfail indica-
- tions during system fcwver-up.
L
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Figure B.15 Yoltage Regulator Circuit.

I. TBE EPK 5V75a PROIOTYPE KIT

Figure B.16 depicts the BPK 5V75A four-megabit magnetic
tubble memory prototyre kit presently available from Intel.
The kit is basically a single memory module with a dedicated
7224 tulble memory ccntroller chip and necessary support
circuits. The major components and circuits are annotated on
the figure. Of particular interest are the voltage regulator
and powerfail circuits, dual 7245 formatter/sense awmpli-
fiers, and external EFROM. The dual FSAs and EPROM are part
of the External Added Redundancy Scheme (EARS) modification
Intel has incorporated to increase the production yield of
useatle devices.
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